Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


/2.7 


i 


t 


1  -* 


3:^0^^ 


THE 


GEOLOGICAL 


AND 


NATURAL  HISTORY  SURVEY 


OP 


MINNESOTA. 


SIXTEExNTH  ANNUAL  REPORT 


FOR  THE  YEAR  1887. 


Two  Plates,  one  Map  and  Eighty-eight  Other  Illustrations. 


N.  H.  WINCHELL,  State  Geologist. 


ST.   PAUL: 
J.  W    CUKNINOHAM  ft  CO.,  PRINTERS. 

1888. 


THE  REGENTS  OF  THE  UNIVERSITY. 

Gbeenleaf  Clabk^  St.  Paul ^ 1889 

CusHMAN  K.  Davis,  St.  Paul 1889 

Knutb  Nelson,  Alexandria 1890 

John  S.  Pillsbury,  Minneapolis... 4890 

Henry  H.  Sibley,  St.  Paul,  President 1891 

Gordon  E.  Cole,  Faribault 1891 

William  Leqgbtt,  Benson. L 1891 

A.  R.  McGiLL,  St.  Paul,  Governor Ex-OflScio 

David  L.  EiEHLE,^Minneapolis,  Supt.  Pub,  Inst Ex-OflBcio 

Cyrus  Northrop,  Minneapolis,  Pres,  of  the  U niveraity ..Ex-O&eio 


EXECUTIVE  COMMITTEE. 
# 

John  S.  Pillsbury,  Chairman, 

David  L.  Kiehle. 


Cyrus  Northrop,  Clerk, 


ADDRESS. 


The  University  of  Minnesota, 
Minneapolis,  March  20,  1888. 

To  the  President  of  the  University : 

Dear  Sir:  I  have  the  honor  to  present  herewith  a  report  giving 
the  results  of  the  work  of  the  geological  and  natural  history  survey  of 
the  state  for  the  past  year,  so  far  as  it  is  possible  to  put  them  into 
shape  for  publication.  Investigations  are  being  carried  forward  in 
the  lithology  of  the  crystalline  rocks  and  in  the  palaeontology  of  the 
fossiliferous  ores,  which  are  not  as  far  advanced  as  to  warrant  report. 

Respectfully  submitted^ 

N.   H.  WiNCHELL, 

State  Geologist  and  Curator  of  the  General  Museum. 
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REPORT. 
I. 

SUMMARY  STATEMENT. 

The  year  has  been  one  of  unusual  activity  and  progress.  Much  time 
and  labor  have  be^n  given  to  the  preparation  and  printing  of  reports. 
The  second  volume  of  the  final  report  has  progressed  with  more  than 
its  wonted  speed,  and  now  the  printing  has  reached  as  far  as  page  632, 
ILnd  the  county  maps  for  the  entire  volume  have  been  lithographed. 
So  far  as  they  were  done  by  Messrs.  Bien  &  Company,  they  have  also 
been  printed  and  delivered.  Besides  the  annual  report  for  the  year 
1886,  there  have  been  published  three  bulletins,  themselves  being,  it 
is  true,  portions  of  the  annual  report,  since  they  contain  reports  on 
work  performed  in  1686.  Being  of  a  more  special  character,  and 
likely  to  swell  the  annual  report  beyond  convenient  size  they  are 
stitched,  paged  and  covered  separately. 

During  July,  August  and  September  the  field-work  on  the  crystal- 
line rocks  was  continued.  Three  parties,  as  last  year,  were  engaged. 
During  July,  while  two  of  them  were  united  in  making  reconnoissance 
of  the  region  of  the  original  Huronian,  and  the  iron-bearing  rocks  of 
northern  Michigan  and  Wisconsin,  the  other  was  eui^aged  in  the 
region  of  Bainy  lake.  In  August  but  two  parties  were  in  the  field, 
one  engaged  in  the  region  of  the  international  boundary,  from  Ver- 
milion lake  eastward,  and  the  other  in  an  examination  of  the  valley 
of  the  Big  Fork  river  from  Fort  Francis  southward  to  the  Mississippi. 
In  September  all  three  of  the  parties  were  engaged  in  field-work,  one 
in  the  region  between  Vermilion  lake  and  the  valley  of  the  Big  Fork, 
and  two  in  repeating  some  observations  at  points  that  had  previously 
been  visited  and  extending  the  known  boundary  and  character  of  the 
iron-bearing  strata  in  the  region  about  Gunflint  lake  and  westward  to 
Vermilion  lake. 

The  following  law  was  passed  by  the  Legislature  of  1887. 
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An  Act  to  bxtbnd  the  w^k  of  thb  Gbologioal  akd  Natural  Hibtobt  Bob* 

YBT  OF  THB  STATB. 

Be  it  enacUd  by  the  Legiilaittre  of  Ihe  State  of  Minnesota: 

Section  1.  It  shall  be  the  duty  of  the  state  geologist,  to  make  practical  and 
actual  tests  by  drilling  or  digging  or  other  excavation  in  the  earth,  such  as  he  shall 
deem  best  suited  to  accomplish  the  purpose  of  this  bill,  for  the  discovery  of  any  of 
the  hidden  mineral  resources  of  the  state,  such  as  iron,  copper,  silver,  gold,  coal,. 
gas,  coal-oil,  common  salt,  or  any  other  valuable  material  that  he  may  deem  likely 
to  exist  in  any  of  the  rock  strata  of  the  slate. 

Bbc.  2.  In  determining  the  localities  at  which  siich  testing  and  exploring  shall 
be  done  he  shall  be  guided  by  such  geological  facts  as  he  may  possess  or  may  ob- 
tain, which  may  indicate  the  existence  of  any  of  the  substances  which  it  is  the  pur- 
pose of  this  act  to  discover.  He  shuU  also  be  guided  by  the  propottionate  amount 
of  money  that  the  owner,  or  owners,  of  the  land  on  which  such  exploration  may  be 
proposed,  shall  contribute  to  pay  the  cost  of  such  exploration. 

Sec.  3.  It  shall  be  the  duty  of  the  statis  geologist  to  report  at  once  to  the  board 
of  regents  all  discoveries,  either  of  economic  or  scientific  interest  to  the  state,  that 
may  be  made  by  such  testing  and  exploration.  Such  report  shall  be  published  by 
the  board  of  regents  in  the  same  manner  as  now  provided  for  the  publication  Of  the 
annual  reports  of  the  Geological  and  Natural  History  Survey  of  the  state,  and  «hair 
be  paid  for  by  the  same  fund;  provided,  that  any  important  mineral  discoveries,  or 
other  scientific  contributions  to  the  Geological  and  Natural  Hlstqry  Survey,  that 
the  said  state  geologist  may  deem  necessary  for  immediate  publication,  shall  not  b& 
suppressed  until  the  regular  report  of  the  board  of  regents,  but  shall  be  issued  from 
time  to  time  under  the  direction  of  said  stale  geologist. 

Seo.  4.  That  the  sum  of  five  thousand  (5000)  dollars  for  the  year  A.  D.  one 
thousand  eight  hundred  and  eighty -seven  (1887)  and  the  sum  of  five  thousand  (50C0> 
dollars  for  the  year  A.  D.  one  thousand  eight  hundred  and  eighty-eight  (1888)  is 
hereby  appropriated  out  of  any  moneys  not  otherwise  appropriated  for  the  purpose 
of  defraying  the  expense  of  said  tests.  The  investigations  provided  for  in  this  act 
shall  not  be  conducted  in  the  interest  of  any  mining  company  or  corporation. 

Seo.  6.    This  act  shall  tako  effect  and  be  in  force  from  and  after  its  passage.' 

Approved,  March  8th,  1887. 

A.  R.  McGILL, 

Governor. 

The  reports  of  Prof.  A.  Winchell  of  Ann  Arbor,  Mich.,  and  of  my 
son  Mr.  H.  Y.  Winchell,  on  the  field-work  of  the  season,  are  included 
in  the  following  pages.  Besides  these,  general  assistance  wa»  render* 
ed  hyJMr.  U.  S.  Grant,  Mr.  P.  N.  Stacy,  Mr.  W.  P.  Trassell  and  Mr. 
H.  W.  Pairbanks. 

Mr.  S.  W.  Pord  was  employed  three  months  in  making  maps  and 
drawings  and  general  o£5ce  work. 

Mr.  Oestlund  spent  the  sammer  in  the  western  part  of  the  state 
making  special  entomological  researches,  particularly  in  connection 
with  the  aphididae,  and  has  otherwise  been  engaged  through  the  3'ear 
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in  the  laboratory  and  museum  and  office.    He  has  given  his  spare 
time  to  the  examination  of  the  insects  of  the  state. 

Mr.  Arthur  was  not  engaged  in  botanical  work  owing  to  the  exac- 
tions of  other  professional  engagements  which  he  had  to  meet. 

Mr.  XTlrich  resumed  in  September  his  work  on  the  bryozoa  of  the 
Silurian,  and  has  been  engaged  on  them  ever  since. 

In  my  absence  from  home  my  wife  has  attended  to  the  reading  of 
proof,  both  of  the  final  and  of  the  annual  reports,  and  to  my  corres- 
pondence. 

At  the  request  of  Mr.  Herrick  that  portion  of  his  manuscript  which 
he  had  submitted  was  returned  to  him  for  revision  and  completion. 
He  has  since  returned  it  in  final  readiness  for  publication.  I  have 
also  received  a  statement  from  Dr.  P.  L.  Hatch  that  his  report  on  the 
birds  of  the  state  is  ready  and  will  be  furnished  at  any  time  on  a  few 
days*  notice.  He  desires  to  retain  it  for  the  purpose  of  entering  the 
latest  observations. 

The  specimens  belonging  to  the  museum  have  increased  at  the  usual 
rate,  and  a  report  on  the  accessions  is  herewith  submitted. 

Several  American  and  foreign  societies  have  begun  to  send  their 
proceedings  and  reports  to  the  survey — indeed  some  have  done  it  for 
several  years,  but  recently  the  number  has  increased.  These  scientific 
works  are  of  a  strictly  technical  character  and  should  be  preserved  to 
form  a  collection  for  the  use  of  the  scientific  professors  of  the  univers- 
ity The  collection  will  be  augmented  from  year  to  year  as  the  pub- 
lications of  the  survey  are  extended. 


II. 

REPORff  OP  N.  H.  WINCHELL. 

In  the  month  of  July,  a  party  was  organized  to  make  reconnoissance 
of  the  area  of  the  original  Huronian  on  the  north  shore  of  lake  Huron, 
of  the  iron-bearing  rocks  of  the  Marquette  range,  in  Michigan,  and  of 
the  Gogebic  and  Penoke  ranges  in  Wisconsin.  The  results  of  observ- 
ations made  during  these  reconnoissances  will  be  given  briefly,  since 
they  have  a  direct  bearing  on  the  stratigraphy  of  the  rocks  of  north- 
eastern Minnesota.  Following  this  will  be  given  further  descriptive 
notes  and  diagrams  of  the  geology  of  the  crystalline  rocks  in  the 
northeastern  part  of  Minnesota. 

THB  OBIOIKAL   HUBONIAK. 

Bruce.  At  the  Wellington  mines,  and  also  at  the  old  Bipxce  mines 
about  a  mile  further  east,  the  country  rock,  so  far  as  seen,  embraces 
only  eruptives.*  The  mines  themselves  consist  of  excavations  in 
quartz  veins,  or  in  old  fissures  in  the  country  rock  filled  and  ce- 
mented by  quartz  and  embracing  many  fragments  of  the  wall-rock. 
These  veins  run  in  various  directions,  but  those  which  were  worked 
for  the  copper  sulphuret  run  about  N.  IS""  W.  (mag.)-t  The  aspect  of 
these  veins,  and  of  this  ^'dioryte,"  is  like  that  of  the  formation  seen  at 
Silver  Islet  on  the  north  side  of  lake  Superior;  the  sulphide  ore  here 
being  copper  and  there  silver  galena. 

The  rock  No.  11^9  represents  large  areas  of  this  dioryte  at  this 
place.  It  is  found  at  the  village  of  Bruce,  and  in  front  of  the  old 
Wellington  stamp- works.  It  has  when  weathered  a  finely  specked  sur- 
face, due  to  the  whitening  of  the  crystal  grains  of  the  plagioclase.  It 
is  heavy,  dark  or  greenish-gray  within,  massive,  mainly  without  any 

*  Mj  lirotlMr,  howertr  Tiittcd  mm  oaterop  of  **  lim«tone  ** « little  northwwt  tnm  the  old  Wellloffton 
locstloii,  Aod  at  •  mile  and  %  qaarter  nortbMatward  black  tUtaa  ware  lean  hartng  apparantly  a  nlgb 
dip  toward  lake  Horon, 

t  Aeeordlof  to  the  email  atlae  acoompaaTlnf  the  Canadlaa  Oeologteal  Sarrej  report  (1868)  the  yari- 
atloa  of  ttie  needle  at  TheaMlon,  on  the  aatnortty  of  Mr.  Baiter,  le  aboat  4^^  to  the  weet. 
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bedding  structure  but  occasionally  rudely  sheeted  like  overflow  erup- 
tiveSy  jointed  in  all  directions,  apparently  identical  with  much  rock 
that  accompanies  the  black  slates  on  Pigeon  river  in  Minnesota.  The 
fineness  of  its  grain  varies  sometimes  gradually,  and  sometimes  sud- 
denly. Rock  1150  which  seems  to  be  only  a  finer  grained,  even 
aphanitic,  variety  of  1149,  occurs  in  narrow  dykes  and  in  patches  in 
it,  evidently  eruptive  in  the  coarser  dioryte. 

Grossing  rock  1149  occurs  a  great  dyke,  running  nearly  N.  and  S. 
rising  near  the  lake  shore  and  extending  onto  the  hills  in  the  village. 
This  dyke,  represented  by  rock  No.  1151,  is  composed  apparently  of 
the  same  ingredients  as  rock  1149,  but  the^grains  are  finer,  and  the 
rock  much  darker  and  heavier. 

ThesscUon,  Ontario.  Considerable  careful  observation  was  made  at 
this  typical  Huronian  locality.  At  the  mouth  of  the  river  both  shores 
were  seen  to  be  composed  of  the  same  rock  as  above  described  at 
Bruce,  especially  in  its  coarser  parts.  It  is  grayish  to  dark,  often 
with  a  greenish  tint.  It  commonly  presents  a  speckled  weathered  sur- 
face, owing  to  the  decay  of  the  feldspar  grains  which  are  thickly 
crowded  among  the  augites,  but  it  graduates  into  finer-grained  rock 
which  again  passes  into  very  fine-grained,  nearly  black  rock.  The 
following  samples  illustrate  this : — 

1152.  Very  fine-grained,  sometimes  aphanitic  and  nearly  black. 

1153.  Coarser-grained,  speckled  on  the  weathered  surface. 

1154.  Ooarser-grained,  speckled  on  the  weathered  surface. 

1155.  Medium-grained,  and  somewhat  speckled  with  porphyritic 
feldspar,  also  with  a  reddish  vein  of  granulyte. 

These  samples  were  obtained  at  the  mouth  of  the  Thessalon  river, 
on  the  right  bank.  The  rocks  from  which  these  samples  are  derived 
all  grade  into  each  other  here  in  short  intervals.  To  this  point  con- 
siderable observation  was  given.  There  is  a  confusion  of  strike,  or 
what  might  be  considered  strike,  the  directions  being  seen  only  in 
short  spaces,  indicating  either  that  there  has  been  a  breaking  of  all 
the  structures  and  a  recementing,  or  an  original  molten  state,  with 
considerable  irregularity  of  flow. 

On  the  left  (eastern)  bank  of  the  river,  near  the  lake,  is  a  large  sur- 
face exposure  of  similar  rock,  extending  along  the  lake  shore  for  some 
distance  eastward,  and  also  inland  toward  the  northeast,  its  full  ex- 
tent not  being  ascertained.  The  rock  here  varies  in  bands  and  wide 
irregular  belts,  with  beautiful  glaciation.  It  changes  abruptly  in  its 
direction  of  trend,  and  it  rises  and  falls  in  low  hillocks  that  are  sepa- 
rated by  swamps  or  by  standing  water.    On  the  east  side  of  the  river. 
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at  the  lake  shore,  much  of  the  rock  is  rather  fine-grained  and  diabasic, 
resembling  much  of  that  seen  in  1886  on  the  Kawishiwi  river. 

Rock  1166  represents  this  fine-grained,  dark  rock  from  the  east  bank 
at  the  month  of  the  Thessalon  river.  There  is  here,  over  the  surface. 
a  weathered  green  of  a  lighter  color  (1156  A)  than  any  green  seen 
within  the  rock,  and  in  patches  an  abundance  of  epidote;  also  some 
pyrite  and  chalcopyrite. 

Patches  of  ''conglomerate  "  also  appear  on  the  glaciated  surface, 
the  pebbles  being  apparently  of  the  same  kind  of  rock,  and  rounded. 
No  continuous  dip  can  be  seen,  but  there  is  occasionally  a  slaty  disin- 
tegration which  dips  about  45°,  but  veers  round  so  as  not  to  be  long 
continued  and  fades  out.  It  has  a  prevailing  direction  (on  the  east 
side  of  the  river)  when  seen,  a  little  south  of  southwest.  Sometimes 
this  rock  varies  to  a  massive,  homogeneous,  firm,  dark-greenish-gray, 
diabase-looking  rock,  like  some  seen  in  the  railroad  cut  near  Thomp- 
son, Minn.,  represented  by  1157.  It  contains,  like  nearly  all  the  rock 
here,  very  little  if  any  free  quartz.  In  other  places  are  seen  angular 
and  also  vein-like  patches  of  rock  apparently  permeated  with  epidote 
represented  by  No.  1158,  obtained  from  the  east#ide  of  the  river. 

About  half  a  mile  east  of  the  river,  and  perhaps  an  eighth  of  a  mile 
from  the  lake,  the  surface  of  this  eruptive  rock  is  banded  with  pitted 
and  non-pitted  belts  (1159).  These  belts  undulate  and  vanish. 
Within  the  rock  these  pits  are  found  to  be  filled  with  delessite.  They 
are  soft,  give  a  light  soapy  streak  though  dark  green  when  weathered. 
They  vary  from  the  size  of  pin«heads  to  the  size  of  beans.  In  other 
places  again  these  amygdaloidal  pits  are  distributed  generally  and  not 
in  bands. 

Instead  of  being  chloritio  these  spots  sometimes  are  filled  with 
a  harder  mineral,  rather  siliceous,  that  weathers  red  (1160),  like  some 
of  the  mineral  vein  matter  seen  in  1155,  and  recalling  the  reddish 
substance  in  the  felsitic  dike  seen  near  the  lighthouse  at  Marquette. 
These  amygdale-like  forms  are  not  due  to  the  dissemination  of  pebbles 
in  the  rock  from  sedimentary  action.  They  are  all  of  the  same  nature, 
and  sometimes,  especially  in  the  case  of  the  delessite-filled  cavities, 
they  exhibit,  when  broken  across,  a  radiated  and  fibrous  structure, 
and  a  layering  of  concentric  superposition  as  if  they  had  grown  up 
after  the  manner  of  geodic  filling  in  pre-existing  cavities.  Further 
examination  also  revealed  that  the  delessite-filled  cavities  become 
elongated  downward,  attaining  three  and  a  half  inches  in  length,  on 
the  perpendicular  face  of  the  broken  bluff.  They  rise  from  a  common 
stratum  which  looks  as  if  it  were  their  source.    Judging  by  the  gen- 
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eral  appearance  and  the  direction  of  these  tubes  where  they  can  be 
measured,  others  must  be  six  or  eight  inches  in  length,  though  yisible 
only  at  their  openings  on  the  surface.  They  are  about  a  quarter  of 
an  inch  in  diameter^  varying  to  an  eighth  of  an  inch,  presenting  some- 
what the  appearance  of  Scdithus.  Thus  their  forms  vary  from  round 
amygdules  to  tubes  six  or  eight  inches  in  length.  When  elongated 
they  must  have  served  as  ducts  for  escaping  gas  rising  from  some  bu1-> 
phureted  or  carbonated  stratum.  There  is,  howeyer,  now  no  sign  of 
any  such  stratum.  That  from  which  they  issue,  or  above  which  they 
ascend,  is  like  all  the  rest  of  the  rock,  but  varies  in  the  weathering^ 
colors  according  to  the  fineness  of  the  grain.  A  good  photograph  was 
obtained  of  this  structure.    (See  fig.  1,  pi.  I). 

It  is  apparently  due  to  the  enlargement  and  multiplying  of  the  red- 
dish felsitic  amygdules,  locally,  and  the  specialization  of  the  mineral 
ingredients  into  macroscopical  crystals,  that  patches  of  red  rock  are 
produced  in  this  greenstone.  No.  1161  represents  such  red  rock. 
Such  patches  are  sometimes  four,  or  even^eight  feet  square,  scattered 
capriciously  about,  visible  on  the  glaciated  surface  of  the  dark  rock* 
This  red  rock  consi8t%  apparently  of  quartz  and  orthoclase  in  distinct 
crystals,  embracing  in  their  interstices  a  greenish  to  black,  soft  sub- 
stance that,  while  finely  foliated  and  resembling  chlorite,  yet  does  not 
seem  to  have  served  any  other  purpose  than  to  occupy  the  vacancies  be- 
tween the  other  minerals  as  they  assumed  their  crystalline  shapes. 
Such  nodules  and  veinings,  if  not  such  isolated  large  masses  of  red- 
dish granulyte  in  trap  rock,  are  not  very  uncommon.  They  occur  at 
Taylor's  Falls  and  at  Duluth,  and  have  been  described  by  the  writer 
at  several  places  in  northeastern  Minnesota.  Since  the  basic  eruptives, 
when  in  their  normal  state,  do  not  embrace  the  minerals,  here  differ- 
entiated within  them,  it  may  be  presumed  that  these  exceptions  are 
caused  by  the  local  and  superficial  mingling  of  small  portions  of  the- 
siliceous  super-crust  with  the  heated  basic  eruptive.  On  cooling  and 
weathering  the  super  charge  of  siliceous  matter  is  rejected  from  the- 
mass  and  is  compelled  to  fill  any  convenient  veins  or  amygdaloidal 
cavities  that  are  within  reach.  When  none  such  are  found  these  crys* 
tals  are  formed  within  the  greenstone  and  are  uniformly  disseminated 
in  it,  causing  the  welUknown  quartsv-dioryte  and  orthoclase-gabbro. 

These  rocks  are  denominated  ''  green  chloritic  slates  "  in  the  Cana- 
dian survey  reports,  and  are  also  so  designated  on  the  geological  map^ 
of  the  region  accompanying  the  general  atlas  in  1868.*    On  account 

*  OMlogieml  nmj  at  CaiimU  ;  report  of  progrvti  from  Iti  eommonotmont  to  186t.    Atlu  of  mu^ 
and  netloiki^  186ft. 
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of  this  fact  a  careful  inspection  was  made,  at  all  places  aboat  the 
mouth  of  the  Thessalon  river,  in  order  to  ascertain  if  any  part  of  the 
▼isible  rock  surface  would  appropriately  bear  that  name.  Besides  this 
place  the  Canadian  map  of  tlys  region  shows  the  same  rock  at  but  one 
other  locality;  that  is  about  thirty  miles  toward  the  northwest,  in  a 
small  area  at  the  extreme  north  end  of  Echo  lake.  The  only  point  at 
which  any  slaty  structure  that  would  warrant  the  use  of  the  term 
'*  slate  *'  was  found,  is  on  the  point  on  the  west  side  of  the  river,  but 
near  the  mouth  of  the  river.  Here  are  some  thinly  parted  portions 
which  resemble  hardened  crumpled  black  slate.  That  is  to  say,  the 
rock  parts,  on  the  weathered  exterior  at  least,  into  fissile,  schisto-slaty 
beds  about  one  quarter  to  one  eighth  inch  in  thickness,  the  strike  and 
dip  of  which  are  pretty  regular  and  uniform  for  about  ten  or  twenty 
feet.  This  schistose  slatiness  appears  on  the  face  of  a  low  nearly  per- 
pendicular bluff  facing  toward  the  lake,  and  near  the  lake  level.  The 
dip  is  north,  30"*  W.(mag.)  and  about  40''  from  the  horizon.  In  the  seams 
are  minerals  that  result  from  change  in  diabase — chlorite  and  epidote 
—these  giving  a  resemblance  to  banding  and  striping  similar  to  that 
seen  in  some  places  in  the  rock  already  described  on  the  east  side  of 
the  river.  In  other  places  adjacent  the  dip  is  in  other  directions. 
Distinctly  amygdaloidal  patches  are  seen  in  this^fine-grained  portion, 
not  far  removed  from  the  slaty  portion,  but  not  in  the  slaty.  In 
weathered  surfaces  the  slaty  portion,  under  the  hand-glass,  exhibits  no 
free  quartz,  but  a  gray  surface  of  plagioclase. 

Examining  more  broadly  in  the  vicinity  of  this  slaty  exposure,  in 
an  area  of  several  rods  round  about,  on  nearly  all  of  which  the  surface 
is  bare  rock,  it  is  seen  that  a  part  of  the  rock  on  the  west  side  of  the 
river  (where  it  is  fine-grained  and  also  where  it  exhibits  this  slaty 
disintegration)  is  set  off  from  the  other  part  by  an  invisible  dividing 
line,  the  surface  being  lichen-covered  and  hummocky.  The  rest  is 
speckled  with  fine  porphyritic  feldspar  crystals,  as  seen  and  described 
in  J 153  and  1154,  and  is  undoubtedly  the  equivalent  of  the  great 
greenstone  formation  of  the  region  seen  at  Bruce  and  on  the  east  side 
of  the  river  at  Thessalon,  and  in  the  ridges  that  cross  the  river  further 
inland.  The  line  on  the  weathered  surface  separating  these  two  parts 
is  partly  imaginary,  and  partly  vanishes  when  sought  for,  since  the 
characters  of  one  rock  are  found  in  patches  further  north  or  south  than 
they  belong  if  there  be  genetically  two  rocks  here,  each  rock  trans- 
gressing the  boundary  that  may  be  supposed  to  have  limited  it.  These 
patches  seem  not  to  be  easily  separable  from  the  surrounding  rock  by 

any  line  of  demarkation  in  the  lithology,  but  there  is,  at  least  in  near- 
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ly  all  caaQB,  a  gradual  change  in  the  grain  so  that  the  full  transition 
13  effected  in  the  space  of  from  one  to  three  inches.  Indeed  these 
different  rocks,  from  one  of  which  is  produced  the  slaty-fissured  rock 
mentioned*  appear  tpbe  phases  only  of  the  s?.me  rock.  It  is  hence  prob- 
able that  the  slatiness  mentioned  is  caused  by  an  original  flowage 
structure,  in  the  laminae  of  which  on  partial  decay,  were  accumulated 
in  greater  amount  those  minerals  that  easily  decay,  in  regular  alter- 
nation with  those  that  do  not,  and  that  possibly  the  internal  grain 
^  was  affected  by  thin  sheets  of  finely  amygdaloidal  rock  alternating 
with  non-amygdaloidal.  The  exposed  position  of  the  little  bluff  would 
account  for  the  conspicuous  development  of  the  slaty  structure  by  in- 
creased decay,  on  the  lakeward  side.  This  slaty  rock  is  represented 
by  1173. 

If  still  this  slaty  phase  should  prove,  after  further  study,  to  be  dne 
to  the  existence  of  a  fragment  of  a  once  sedimentary  rockmass  in  the 
midst  of  the  eruptive,  it  can  only  be  assigned  to  some  part  of  the  black 
slates  of  the  region.  It  is  not  green  within,  but  gray  to  nearly  black. 
It  is  fine-grained  and  di£Scult  to  specifically  name  without  microscopic 
and  chemical  examination. 

About  a  mile  northwest  from  the  vUlage  of  The^salon^  on  the  west  side 
of  the  main  road,  and  on  the  west  side  of  the  river,  is  a  light-weather • 
ing  ridge  of  quartzyte.  It  runs  S.  30^  west  (mag.)  and  appears  on  the 
lake  shore  a  few  miles  west  of  the  mouth  of  Thessalon  river.  It  rises 
at  once  about  thirty  or  forty  feet  above  the  highway,  and  higher  still 
at  a  little  distance  further  west.  This  rock  is  represented  by  1162,  a 
gray  quartzyte  dipping  in  general  N.  45^  W.  (mag.);  but  it  varies  to 
nearly  white  on  weathered  exposures,  and  to  light  red  where  fires 
have  prevailed.  It  shows  an  incipient  gneissic  structure.  It  has 
been  broken  and  crushed  together  and  recemented.  Its  dip  varies  in 
direction  in  short  intervals,  and  is  even  cut  off  squarely  by  a  structure 
of  a  different  sort,  but  all  closely  cemented  together.  In  the  vicinity 
of  a  dike  forty  feet  wide,  that  runs  N.  60^  W.  (mag.)  cutting  this  rock, 
this  quartzyte  shows  suggestive  variations.  Its  color  and  texture, 
while  principally  quartzose,  yet  seem  to  manifest  a  felsitic  or  a  feld- 
spathic  tendency  developed  in  it.  Compare  rock  No.  1163.  This 
tendency  is  marked  in  that  part  of  the  quartzyte  which  is  embraced 
between  two  forks  where  the  dike  separates,  and  close  in  the  angle 
between  them,  where  also  a  longitudinal  close  jointage  is  developed  on 
weathering,  resembling  slatiness.  The  dike  (1164)  consists  of  rock 
like  the  eruptives  described  at  the  mouth  of  the  Thessalon  river. 
(See  figure  1,) 
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Fig  1. — Spur  of  gray  quartzyte  enclosed  between  the  forks  of  a  branch- 
ing dike,  changed  to  redfelsyte  and  gneiss. 

In  the  mass  of  the  quartzyte  can  be  seen  the  original  banding  of 
sedimentation,  and  also  the  "'false  bedding  "  that  is  common  in  sand- 
stones running  at  different  angles.  There  are  also  patches  of  consider- 
able size,  apparently  produced  by  boulder  masses  involved  in  the  sedi- 
mentary process  at  the  time  of  accumulation,  somewhat  discordantly 
disposed  in  the  bedding,  some  of  which  are  of  quartzyte  similar  to  it- 
self, and  others  are  of  a  greenish  rock,  somewhat  serpentinous  by 
decay,  but  plainly  of  an  eruptive  nature  and  origin  before  it  was  em- 
braced in  the  sediments  of  the  quartzyte.  Compare  1166.  A  photo- 
graph was  made  taking  in  a  general  view  of  this  quartzyte. 

The  Thessaloa  valley  is  covered  by  a  lacustrine  clay  which,  when  cleared  for  farm- 
ing, makes  a  fine  wide  expanse  for  crops.  The  clay  is  gray.  It  was  deposited 
when  the  lake  level  was  at  a  beach,  which  is  visible,  about  forty  feet  above  the  flat. 
This  beach  consists  of  coarse  water- worn  stones,  on  the  rockjbluff,  seen  on  the  west 
of  the  road  about  a  mile  and  a  half  north  from  Thessalon  on  the  west  side  of  the 
nver.  On  the  east  side  of  the  river  it  is  composed  of  gravel  at  some  points,  but  it 
is  generally  coarser  than  gravel. 

Westward  from  this  quartzyte  ridge  runs  similarly  a  conspicuous 
ridge  of  dioryte  and  diabase,  illustrated  by  No.  1167,  undistinguish- 
able  from  the  ernptiye  rock  seen  at  the  mouth  of  the  river.  This 
ridge  runs  toward  the  lake,  and  apparently  overlies  the  quartzyte  of 
1162.  It  shows  an  igneous  contact  running  east  and  west;  and  at  a 
point  at  the  roadside,  where  the  river  flows  easterly,  a  broad  un- 
covered surface  of  the  quartzyte,  sloping  with  the  dip  northwestwardly. 
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is  seen  to  pass  toward  the  southeast  directly  under  the  trap  rock  of  the 
ridge,  the  overlie  of  the  trap  in  a  sheet  on  the  quartzy  te  being  immediate 
and  unquestioned.  This  trap  bluff  was  photographed.  (Seefig.  lOp.  11.) 
Traveling  a  little  further  west  we  find  the  highway  crosses  the 
Canada  Pacific  railroad,  and  a  rock-bluff  appears  facing  southeast, 
rising  about  fifty  feet,  on  which  is  another  overlie  contact  of  the  dia- 
base on  the  quartzyte.  The  quartzyte  dips  northwest  at  an  angle  of 
about  40°  from  the  horizon.  On  the  right  of  the  exposure  the  quartz- 
yte is  cut  off  by  a  contact  running  nearly  vertical,  but  backward  so  as 
to  produce  a  slight  overlie  of  the  quartzyte  on  tiie  diabase,  as  the 
plane  of  the  bluff  crosses  the  contact  plane.  This  place  is  four  and  a 
half  miles  by  the  road  from  Thessalon  village.  This  diabase  is  repre- 
sented by  rock  1167.    See  fig.  2. 
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Fig.  2. — Diabase  lying  unconformably  on  quartzyte. 

At  Macbeth^s  bay,  about  five  miles  west  of  the  month  of  the  Thessa- 
lon river,  the  Canadian  Pacific  railroad  and  the  highway  cross  the 
creek  but  little  above  the  head  of  the  bay.  Here  the  quartzyte  has  fine 
exposures.  On  both  sides  of  the  creek  it  is  cut  by  dikes  of  basic  erup- 
tive rock,  and  on  the  west  side  it  is  replaced  entirely,  over  a  large  area, 
by  an  overflow  of  this  rook.  This  is  the  same  rock  as  that  already 
mentioned,  and  is  again  represented  by  1168.  It  is  a  coarse  diabase, 
and  prevails  largely  over  the  country  between  Macbeth's  bay  and 
Thessalon,  cutting  and  overlying  the  gray  quartzyte  1162.    It  appears 
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as  if  through  fiasares  in  the  quartzyte  the  dark  diabase  had  issued, 
spreading  right  and  left«  according  to  the  continuance  of  the  eruption. 
This  diabase  now  forms  hills  and  ridges,  the  chief  elevations  of  the 
region,  mostly  having  an  east  and  west  direction;  the  quartzyte  occu- 
pying, where  seen,  much  lower  levels. 

Sometimes  the  quartzyte  becomes  conglomeritic  with  quartz  pebbles 
(1169),  but  this  is  only  in  small  rare  spots;  and  sometimes  it  is  slightly 
pinkish. 

On  the  road  running  north  from  Thessalon  on  the  east  side  of  the 
river,  at  about  a  mile  from  Thessalon,  a  fine-grained  pinkish  quartzyte 
outcrop  appears,  rising  in  the  midst  of  the  surrounding  hillocks  of 
diabasic  eruptive  rock.  It  has  an  abrupt  contact  on  the  greenstone 
running  N.  40*^  W.  (mag.)*  The  quartzyte  is  closely  jointed  and  very 
hard  and  fine,  no  dip  generally  being  visible,  but  in  places  exhibiting 
a  sedimentary  banding,  which  expresses  a  dip  30^  toward  the  north- 
west. 

At  two  miles  from  the  mouth  of  the  river,  on  the  east  side,  the 
quartzyte  appears  again,  but  it  is  much  lighter  colored  and  very  fine, 
almost  suitable  for  honestones.  It  weathers  to  a  kind  of  light  pea- 
green  color.  Glaciation  is  abundant  and  fresh,  showing  th#  same 
kind  of  curving  cross-fracture  as  seen  at  Thessalon,  and  on  the  quartz- 
yte in  Pipestone  county,  Minnesota. 

At  Little  Rapids^  three  and  a  half  miles  north  from  Thessalon,  the 
highlands  are  covered  by  a  range  of  diabase  (dioryte?)  that  runs  about 
N.  80^  W.  and  rises  perhaps  100  feet  in  the  vicinity  on  either  side,  on 
the  east  side  having  a  quartz  vein  two  or  three  feet  wide,  and  some- 
what amygdaloidal  near  the  vein.  But  the  rapids  in  the  stream  (Gas 
creek)  are  caused  by  a  range  of  quartzyte  that  dips  about  45°  or  50° 
toward  the  north  (mag.).  Some  narrow  bands  in  this  are  pebbly  with 
black  jasper  (rarely  red)  and  of  white  quartz,  but  the  great  bulk  of  it 
consists  of  the  same  pinkish  to  gray  quartzyte. 

Gray  quartzyte  rises  in  the  swamp  about  a  mile  southeast  from  the 
little  rapids.  This  is  striped  with  rare  belts  of  conglomerate,  one 
piece  of  white  quartz  being  three  inches  in  diameter.  But  pebbles  of 
this  size  are  rare.  The  conglomeritic  belt  in  which  this  lies  continues 
about  ten  feet.  Its  direction  indicates  a  strike  S.  SO""  W.  (mag.). 
There  are  also  here  pebbles  of  fiint  and  green  chert,  and  of  banded 
white  and  black  jasperoid  rock,  also  of  other  kinds  of  fine-grained 
rock  not  silica,  but  siliceous,  which  weather  to  a  drab  or  light  buff- 
color.  From  this  place  there  seems  to  be  a  grand  belt  of  quartzyte 
that  strikes  southwestwardly,  running  under  the  Thessalon  and  reach- 
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ing  the  lake  shore  at  Macbeth 's  bay,  where  it  appears  on  the  islands 
that  lie  ofiP  the  coast.  The  dip  is  in  all  cases  where  it  has  been  seen, 
toward  the  N.  W. 

Traveling  from  Little  Rapids  (of  tias  creek)  north,  crossing  the ' 
creek  (at  i — i  m.)i  thence  west  about  two  miles,  having  a  range  of 
hills  on  our  right  and  the  river  on  our  left,  we  take  the  first  good  op- 
portunity to  examine  the  rocks  in  this  ridge.  They  are  a  mingling  of 
diabase  and  quartzyte,  the  latter  being  sometimes  red  and  conglomerit* 
ic.  The  ridge  rises  about  150  feet  above  the  road  where  the  rock 
was  first  encountered  not  much  above  the  road,  it  is  dark-colored 
and  diabasic,  but  has  spots  and  veins  of  red,  and  even  weathers  red  to 
the  depth  of  six  or  eight  inches.  In  ascending  the  ridge,  however, 
this  immediately  gives  place,  upward,  to  a  broken  and  confused  red 
conglomerate  or  breccia-like  grit,  which  continues  to  the  top  of  the 
hill,  the  exposure  being  such  that  the  observer  is  compelled,  in  ascend* 
ing,  to  travel  on  the  south-dipping  upper  surface  of  the  stratum. 

A  short  distance  further  west  the  southern  slope  of  this  ridge  shows 
outcrops  of  southwardly  dipping  quartzyte.  The  dip  is  about  20"^ 
toward  the  southwest.  The  direction  of  the  ridge  crosses  the  dip  at 
an  angle,  so  that  on  the  southern  slope  the  strike  of  the  different  beds^ 
climbs  diagonally  up  the  hill  toward  the  northwest,  the  higher  layers^ 
being  further  toward  the  west.  At  several  points  the  eruptive  rock 
appears  on  the  southern  slope,  sometimes  near  the  base  and  sometimes 
well  up  on  the  hillside,  but  owing  to  the  dense  covering  of  vegetation 
there  was  no  opportunity  to  discover,  with  our  limited  time,  the  relation 
it  bears  to  the  quartzyte,  though  there  is  no  reason  to  suppose  it  is  dif- 
ferent from  that  already  stated.  It  seems  to  have  overflowed  the  up- 
heaved quartzyte  and  to  have  been  preserved  only  in  the  lower  levels, 
particularly  so  when  the  accumulation  was  not  in  mountain-like  hill» 
or  ridges. 

There  is  a  conspicuous  outcrop  of  this  quartzyte  and  conglomerate 
near  the  base  of  the  ridge  on  the  same  side  showing  the  same  dip  con* 
clusively  and  generally.  We  examined  it  first  in  front  of  Mr.  John 
Wray's  house  and  followed  it  westward  to  opposite  Mr.  Wm.  Ensley'» 
house  where  this  conspicuous  outcrop  occurs.  It  is  here  wholly  a 
siliceous  quartzyte,  but  has  a  few  quartz  pebbles  running  in  narrow 
and  interrupted  belts  through  it,  coincident  with  the  bedding.  It  is 
red  but  varies  to  purple,  and  is  vitrified  and  polished  in  the  same  man- 
ner as  seen  on  the  surface  of  the  red  quartzyte  in  Pipestone  county, 
Minnesota.  Indeed,  were  we  not  conscious  of  being  in  the  area  of  the 
original  Huronian  we  might  suppose  ourselves,  so  great  is  the  similar^ 
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ity  of  all  the  geological  featucas,  jbo  be  standing  on  some  of  the  red 
quartzyte  oatcrops  in  southwestern  Minnesota/  This  red  quartzyte 
in  hand  samples,  represented  by  llTl,  cannot  be  distinguished  from 
much  of  that  of  Pipestone  and  Watonwan  and  Cottonwood  counties, 
Minnesota,  nor  from  that  of  the  ridges  at  Baraboo,  Wisconsin.  This 
great  quartzyte,  so  far  as  can  be  determined  by  anything  seen  in  the 
area  of  the  original  Huronian,  or  eyen  in  Wisconsin  and  Minnesota, 
whether  dipping  N.  W.,  N.  or  S.  W.,  whether  white,  pink  or  red,  or 
purple,  or  pea-green  white,  whether  arenaceous  or  pebbly,  is  plainly  a 
unit.  It  must  have  a  great  thickness,  for-  it  extends  westward  from 
Wray's  house  with  the  same  dip  at  least  a  mile.  It  is  true  that  this 
distance  is  not  measured  here  directly  across  the  bedding,  nor  on  the 
hypotenuse  of  a  triangle  pei'pendicular  to  the  direction  of  the  strike; 
but  the  thickness  observed  here  can  be  fairly  estimated  to  fall  not 
much  short  of  5,000  feet,  and  it  may  be  twice  that  amount. 

At  Ansania  P.  0* is  a  place  in  the  river  known  widely  as  "the 
dump."  This  is  in  the  township  of  Le  Froy.  A  glaciated  surface 
outcrop  of  rock  may  here  be  seen  at  the  river  level,  (See  fig.  3)  on  the 
right  bank,  immediately  overlain  by  a  bank  of  till.  The  river  flows 
over  it  except  in  time  of  low  water..  This  rock  seems  to  belong  to  a 
different  formation,  both  on  account  of  its  different  lithological  char- 
acters and  the  different  direction  and  amount  of  its  dip.  The  bedding 
stands  about  vertical  and  it  strikes  about  30^  north  of  west.  The  lay- 
ers are  thin,  varying  from  slaty  to  two  or  three  inches.  Much  of  this 
rock,  while  siliceous,  weathers  to  a  light  drab  or  even  to  a  buff.  It  is 
finely  crystalline,  at  the  same  time  that  it  is  fragmental  and  banded 
by  sedimentary  colors  and  belts  of  differing  structure.  It  might  be 
used  for  lithographic  purposes  if  slabs  of  sufficient  size  could  be  pro- 
cured. It  affords  a  slow,  fine  effervescence  when  hydrochloric  acid  is 
applied  on  a  fresh  surface.  There  are  here  several  varieties  of  rock 
related  as  shown  in  fig.  3. 

•This  dinlltrity  •ztendt  eren  to  IIm  ezlsMDoe  of  eroptlve  btaic  rock  In  lome  pUcM  among  the  red 
qaartsyte.  According  to  Prof.  J.  B.  Todd  a  dioryte  ootcrop  occora  In  eec.  16,  tp  108—48,  tboat  flve 
mSlee  S.  SW.  fk-om  Pallsadee,  In  loathweetem  Dakota.  He  jadged  from  the  dip  at  tereral  neighboring 
localities  that  this  diorjte  oTerliei  tbe  qaartayte.  **The  dip  of  the  qaartsjte  at  Paltoadee  ia  40— 6<^ 
8  W.  About  one  and  a  half  mllee  S.B.  from  the  dioryte,  another  exposore  of  the  red  quartayte  dipt  8°— 
V*  N.  of  E,  At  Sioaz  Falls  the  dip  le  about  29  S.  SW.  It  may  be  there  U  a  fault  between  pallaadee 
and  the  locality  bat  I  had  eoncelTed  tbe  dioryte  to  haye  flowed  ont  throvgh  and  spon  the  red  quart  a. 
yte.*'    {Letter  dated  Oct.  22, 18B6.] 
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Fig.  Z.~Stii/'ace  exposure  at  "thedump,"    AnsoniaP.  0. 

BxfUan^tioK  of  FSffurt  8. 

1.    Fine,  diabisic  greeajioae ;  vldth  of  turface  exposure,  seen 10  ft. 

3.  FlDfl-graineddrftbBtoae,  wlthundDlatiDgsedlmeDtary  bKiidiog  (1172);  sllghtljr 
calcareom  g»7  quartzyte  or  lithographic  stone ;  surface  band,  about 3  ft. 

3.  A  greenish,  flne-grained,  apparently  eruptive  rock,  LaTtng  a  very  irregular 
width,  and  on  the  surttco  marhed  by  Interrupted  bands  and  lines  that  seem  to  be 
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the  remnant  of  an  original  flaidal  structure.    These  fluidal  lines  are  not  conform- 
able with  those  in  No.  2.    This  member  varies  from 2  to  3  ft. 

4.  Rock  similar  to  No.  2,  affording  a  very  smooth  hard  surface,  some  of  it  very 
finely  stratified,  and  some  of  it  confused  in  its  strike,  particularly  in  its  eastern 
portion  ;  width  of  belt  about 20  ft. 

5.  This  member  (1215)  is  the  most  interesting.  Its  exterior  surface  is  quite 
different  from  No.  4,  and  on  first  glance  it  would  be  taken  for  a  rotted  eruptive, 
but  closer  inspection  shows  that  it  is  a  folded,  compressed  and  crushed  condition  of 
some  of  the  sedimentary  strata  belonging  in  the  same  category  with  the  others.  It 
is  rough  and  Jagged,  rather  fine-grained,  with  a  felsitic  aspect,  but  darker  when 
wet,  much  slickensided,  has  quartz  veinings  and  is  rusty  with  oxydized  pyrite. 
Sometimes,  on  weathered  angles,  it  appears  like  a  fine  felsyte,  having  a  reddish 
tint  and  a  pseudo-fluidal  outward  aspect ;  and  in  other  parts  it  is  apparently  a  fine, 
reddish  impure  quartzyte.  In  general,  it  is  a  hardened  part  of  the  slate  formation 
that  underlies  the  great  Huronian  quartzyte.    Surface  exposure,  width,  seen,  15  ft.. 

Rock  No.  1172  (above),  seen  in  No.  4  seems  to  be  allied  to  the  chert- 
beds,  or  to  some  seen  near  the  base  of  the  Animike  ia  northern  Minne- 
sota, but  it  is  rather  too  light-colored  and  too  coarse-grained  to  be 
called  chert — though  it  seems  to  contain,  the  same  elements  in  about 
the  correct  proportions.  It  is  a  fine-grained,  bedded,  siliceous,  light* 
gray  rock,  and  seems  to  have  something  in  it  which  causes  it  to  become 
coated  with  a  rust  film.  It  resembles  some  pebbles  seen  in  the  great 
quartzyte  of  this  region,  especially  some  seen  in  the  quartzyte  about  a 
mile  southeast  from  the  'Mittle  rapids"  of  Gas  creek,  already  men- 
tioned. Such  source  for  these  pebbles  would  indicate  an  unconform- 
ity between  the  quartzyte  and  this  thiii-bedded  formation.  If  a 
horizon  of  rock  similar  to  the  Gunflint  beds  of  northern  Minnesota 
exists  in  this  slate  and  quartzyte  formation,  nearly  all  the  colored 
flint  pebbles  seen  in  the  overlying  great  quartzyte  can  be  referred  to 
it;  and  the  presence  of  such  pebbles  in  the  quartzyte,  other  relations 
being  favorable,  strongly  indicates  the  existence  of  such  chert  and 
flint  beds. 

At  a  mile  west  of  '*  the  dump,"  on  the  right  of  the  road,  is  a  low 
hill  consisting  of  diabase  rock.  Several  hillocks  in  the  immediate 
vicinity  apparently  contain  the  same  rock.  A  vein  of  red  orthoclastic 
granulyte  runs  through  this  rock,  represented  by  1193*  The  c&untrj 
about  on  the  south  side  of  the  Thessalon  is  hilly,  apparently  with 
ridges  and  knobs  of  the  same  rock. 

About  sec.  8,  Le  Froy,  south  of  the  Thessalon  river,  near  the  high* 
way,  between  it  and  the  river,  is  a  sloping  glaciated  surface  of  the 
same  formation  as  seen  at  the  water-level  at  ''  the  dump."  It  dips 
northerly  at  an  angle  of  about  40  degrees,  but  it  is  so  twisted  and  bro- 
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ken  that  no  certain  statement  can  be  made  of  ita  direction.  The 
average  strike  is  perhaps  E.  30^  N.  (mag.).  This  rock,  while  belong- 
ing to  the  formation  seen  at  "the  dump,"  is  yet  less  calcareous  than 
that,  and  has  a  darker  drab  color,  sometimes  being  bluish  or  greenish 
gray.  It  is  intersected  by  many  quartz  veins,  some  of  the  quartz 
being  drusy  and  amethystine,  many  of  them  coincident  with  the  bed- 
ding. Mingled  with  the  quartz  are  black  scales  of  a  crystalline  metal- 
lie  oxide,  which  has  not  yet  been  determined,  thought  to  be  hematite. 
On  weathered  surfaces  the  rock  although  fine,  dense  and  hard,  is  coated 
with  a  rust-scale  which  is  sometimes  a  quarter  of  an  inch  thick,  resem- 
bling some  rock  seen  near  Qunflint  lake.  It  is  not  seen  to  be  slaty 
here  at  any  place,  although  thin-bedded.  Its  outward  characters  re* 
semble  the  silver-bearing  formation  seen  along  the  international 
boundary  north  of  lake  Superior.  This  rock  is  represented  by  1194, 
and  1194A. 

Further  northwest,  about  in  the  S.  £.  i  of  sec.  31,  Rose,  on  the  north 
side  of  the  Thessalon,  near  the  road  going  to  Otter  Tail  lake,  the  white 
quartzyte  already  mentioned  again  appears.  The  roadway  passes  over 
it  The  exposure  is  along  the  crest  of  a  hill.  The  dip  is  S.  63°  W. 
<mag  )  23''  from  the  horizon.  The  rock  rises  but  little  above  the  gen- 
eral level,  but  the  average  level  is  over  100  feet  above  the  Thessalon. 
The  rock  here  is  blotched  with  purple,  and  also  has  a  green  tint  very 
common.  The  purple  spots  are  due  to  dissemination  of  color  from 
hematite  nodules  which  are  embraced  in  the  mass  of  the  rock. 

(Several  ridges  of  quartzyte  were  seen  between  this  place  and  Otter 
Tail  lake,  but  by  a  winding  route  toward  the  east. 

At  Otter  Tail  lake,  a  mountain  like  ridge  of  quartzyte  runs  along  the 
northeasterly  side,  dipping  toward  the  lake,  while  at  the  southeast  end 
a  second  one  rises  abruptly,  and  below  it  the  former  dips  conformably 
at  an  angle  of  about  23^  The  stratification  is  well  shown  on  the  ab- 
rupt end  of  this  and  was  photographed,  the  view  looking  west. 

At  the  village  of  Otter  Tail,  which  is  on  the  Thessalon  river  near 
its  point  of  departure  from  Otter  Tail  lake,  a  little  south  from  the 
post  o^ce^  is  a  ridge  of  reddish  weathering  rock  (1195)  nearly  on  the 
line  between  Plummer  and  Plummer  addition,  which  can  appropriately 
bear  the  namefelsyte.  (Compare  also  rock  1182).  It  is  roughly  bedded, 
though  plainly  with  every  indication  of  sedimentation.  It  dips 
southerly  to  southwesterly,  about  30  deg.  and  is  banded  with  finer 
and  coarser  materials.  The  bedding  varies  in  thickness  from  less  than 
an  inch  to  over  twelve  inches.  But  in  general  the  rock  of  this  ridge, 
which  rises   i^erhaps  2  '0  ieet  above  the  village,  and  runs    north- 
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westerly,  is  very  uniformly  constituted.  Its  weathered  surface  shows 
different  shades  of  red  The  bedding  structure  is  not  everywhere 
present  There  are  some  large  places  where  no  bedded  structure  can 
be  seen.  Again,  in  one  boss,  or  knob,  of  the  general  range,  the  strike 
is  east,  about  30°  south;  in  another  it  is  east,  30"^  north,  with  inter- 
mediate directions  at  intermediate  points,  or  at  points  removed  from 
•both;  another  place  shows  dip  S.  58°  W.  at  an  angle  of  20°.  The  ex- 
terior surface  is  roughened  by  the  removal  of  numerous  small  bits 
loosened  by  the  diverse  and  frequent  jointage.  Some  of  the  close 
jointed  and  most  crumpled  is  coated,  in  the  seams,  with  a  green  (chlo- 
rite?) substance,  owing  to  more  easy  decay,  and  this  also  stains  the 
rock  itself  to  some  extent,  giving  the  appearance  of  some  rock  that 
lias  been  called  ''trap."  This  rock  which  is  here  considered  felsyte, 
has  a  compact  uniform  reddish-brown  base  or  matrix,  in  which  are 
scattered  fine  grains  of  free  quartz.  In  other  places  nearly  one-half 
of  the  whole  seems,  under  the  hand  magnifier,  to  consist  of  quartz 
grains.  Surfaces  which  show  a  brick-red  weather-color,  within  are 
brownish-red. 

I'assing  from  this  bluff  across  a  small  field  in  a  southwesterly  direc- 
tion, and  thus  across  the  strike,  we  come  to  a  nearly  perpendicular 
bluff  facing  east,  rising  about  twenty-five  feet  made  up  of  rock  similar 
to  the  last,  evidently  a  part  of  the  same.  It  here  shows,  in  some  of 
its  parts,  granular  free  quartz  in  abundance.  It  varies  to  a  fine  red- 
<lish  quartzyte,  and  to  a  fine  gray  quartzyte.  These  varieties  are 
shown  by  1196,  1197  and  1198.  No.  1196  is  identical  with  the  rock 
1195.  No.  1197  has  a  light  piuk-red  weathered  color  but  is  brownish 
within.  It  is  a  fine  granular  felsitic  quartzyte,  and  is  separated  into 
small  angular  blocks  by  freqnent  and  intersecting  joints.  No  1198, 
which  has  a  light  yellowish-red,  weathered  surface  is  gray  within,  very 
hard,  conchoidally  fracturing,  and  is  a  sub-granulo-vitreous  quartzyte, 
intermediate  between  1172  and  1191.  Although  the  dip  is  probably 
toward  the  southwest  there  is  here  a  jointage  system  that  resembles 
bedding  that  dips  about  30°^frora  the  horizon,  N.  20°  E.  (mag).  Gen- 
erally, however,  at  this  point  there  is  no  remaining  trace  of  the  origi- 
nal sedimentary  banding.  The  exposed  area  is  about  sixty  feet  square, 
and  it  seems  to  have  a  greater  extension  northwest  where  another  hill 
rises  seventy-five  feet  higher,  though  the  surface  intervening  does  not 
reveal  the' connection  with  the  quartzyte. 

This  higher  hill  proves  on  examination  to  consist  of  a  congeries  of 
pebbles  and  boulders  compacted  with  and  modified  by  a  rock  similar 
to  the  red  felsyte  first  described  here  (119.3).    It  seems  to  have  be.'n  a 
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conglomerate  with  a  matrix  of  the  same  material  as  the  red  rock. 
Indeed  the  hill  is  about  in  the  line  of  strike  from  IIQS,  but  not  con- 
tinuous 'with  it — though  the  surface  generally  ascends  from  it,  there 
being,  however,  a  low  spot  between  covered  by  drift.  This  conglom- 
erate contains  pebbles  of  red  granulyte  (quartz  and  orthoclase),  but 
the  great  bulk  consists  of  the  rock  1199.  It  is  a  little  darker  colored, 
but  otherwise  this  rock  is  identical  with  No.  1195,  and  probably  in 
order  of  stratification,  belongs  below  1195. 

[A  few  miles  east  from  this  place  a  large  boulder  of  coarse  conglom- 
erate was  seen  by  the  roadside.  It  was  red  externally,  and  dark  red 
within.  It  was  evidently  wholly  fragmental,  and  had  sedimentary 
bands  of  fine  materials  crossing  it.  But  it  also  embraced  red  granu- 
lyte boulders,  six  inches  across,  as  well  as  some  of  as  great  a  size,  of 
greenstones.  It  is  to  be  supposed  it  was  from  the  unmodified  beds  of 
which  this  outcrop  is  the  upheaved,  pressed,  heated,  and  metamor- 
phic  condition.] 

This  observation  near  Otter  Tail  postoffice  is  a  very  important  one. 
It  shows  the  transition  from  felsyte  to  quartzyte,  from  1195  to  1196, 
97  and  98,  all  in  the  same  formation.  It  seems  to  be  conclusive  as  to 
the  origin  of  felsyte,  such  as  has  been  described  in  the  Minnesota 
reports.  It  is  similar  to  that  seen  in  'Uhe  palisades"  last  year,  [15th 
report  p.  342]  except  that  it  is  more  quartzose  in  some  of  its  parts,  and 
is  generally  less  crystalline,  and  much  finer-grained. 

As  to  the  relation  of  this  i^- weathering,  felsitic  rock  to  the  great 
siliceous  quartzyte  described  at  various  points  in  the  Thessalon  valley 
below  Otter  Tail  lake,  there  is  little  hesitation  in  placing  it  below  it. 
The  same  kind  of  rock  was  seen,  later,  among  the  black  slates  of  the 
region  where  it  could  only  occupy  a  stratigraphic  position  in  the 
slates,  or  of  a  modified  portion  of  them.  As  mentioned  below,  the- 
strike  of  this  quartzitic  felsyte,  generally  gray  and  less  changed,  ex- 
tends several  miles  to  the  southeast  from  the  ridge  here  described, 
constituting  what  is  locally  known  as  ''lithographic  stone,"  thu» 
showing  a  long  belt,  with  a  nearly  uniform  dip  toward  the  southwest. 
How  far  the  ridge  may  continue  toward  the  northwest  is  unknown. 
It  is  only  by  aline  of  fault,  such  as  has  been  mentioned  and  mapped 
by  Logan,  running  approximately  coincident  with  the  Thessalon  val- 
ley and  passing  near  this  place,  that  this  rock  can  be  brought  to  this 
position,  since  the  white  quartzyte  that  skirts  the  east  side  of  Otter 
Tail  lake,  dipping  persistently  toward  the  southwest  would  otherwise 
naturally  run  under  this  felsyte. 
Toward  the  southeast,  across  a  valley^  from  the  hill  containing  the- 
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above  rocks,  (S.  70°  E.  from  them)  about  half  a  mile  distant,  9iid  also 
in  the  line  of  extension  of  the  valley  of  Otter  Tail  lake,  is  another 
knob,  but  much  lower,  of  rock  like  1195.  The  dip  here  seems  to  be 
about  vertical;  but  the  banded  structure  is  not  well  preserved, 
being  changed  rather  te  an  incipient  gneissic  and  interrupted  foliation. 

Toward  the  southeast  still  further,  on  higher  land,  areas  of  red  rock 
can  be  seen  showing  weathered  surface  exposures  evidently  in  the 
line  of  strike  from  1195. 

In  close  proximity  to  the  last  mentioned  felsyte  knob,  but  a  little 
toward  the  northeast  from  the  line  of  strike,  is  a  hill  of  gabbro,  rep- 
resented by  1200.  This  comes  within  about  teu  rods  of  observed 
contact  with  the  felsyte,  the  intervening  space  being  covered  by  earth 
and  soil.  Toward  the  north  this  bluiF  breaks  off  nearly  perpendicularly 
about  seventy-five  feet,  down  to  the  flood-plain  of  Thessalon  river. 
Only  the  upper  part  is  bare,  but  it  extends  unquestionably  about  forty 
rods  southeast  and  northwest,  and  perhaps  thirty  rods  northeast  and 
southwest.  It  is  a  curious  variation  in  the  geology  of  the  region,  but 
is  a  further  instance  of  parallelism  between  the  original  Huronian 
and  the  Animike  rocks  of  northeastern  Minnesota.  This  gabbro  is 
on  the  land  of  Mr.  Day. 

About  a  third  of  a  mile  still  further  southeast,  on  land  of  Mr.  Day, 
in  the  bottomland  of  the  Thessalon,  is  an  outcrop  of  what  Mr.  Day 
regards  as  ''  lithographic  stone."  This  rises  about  twelve  feet  above 
the  surrounding  land,  and  is  on  the  ea^t  side  of  the  river.  It  runs 
from  eight  to  ten  rods  in  the  direction  of  strike,  and  subsides  below 
the  soil.  It  dips  S.  SO''  W.  (mag.)  and  2V  from  the  horizon.  It  is 
1201.  It  is  highly  siliceous  and  does  not  effervesce.  Some  of  it  is 
reddish  and  purplish,  but  by  far  the  greater  part  is  of  a  light  drab 
color.  It  is  very  fine-grained  and  very  hard.  Some  of  it  is  well  supplied 
with  free  quartz  in  minute  grains  visible  under  a  magnifier,  and  some 
of  the  coarser  parts  are  crossed  by  strings  and  bands  of  chert  (1202). 
This  rock  is  like  some  seen  in  the  Animike,  particularly  some  of  the 
Ounfliiit  beds.  It  is  also  the  same  as  seen  at  ''the  dump/'  and  is 
nearly  in  the  line  of  strike  from  1198  and  1195.  It  may  be  considered 
the  same  rock. 

Bock  1203  (like  1200),  an  eruptive  gabbro,  forms  a  low  ridge  in  the 
midst  of  higher  hills  of  red  quartzyte,  in  the  N.  E.  i  of  sec.  23,  Plum- 
mer,  a  raile  and  a  half  from  Otter  Tail  lake  northeastward;  appears 
in  the  N. — S.  road- 

At  one  mile  south  q(  Murray's  Corners,  S.  E.  cor.  of  sec.  2,  Plum- 
oier,  is  another  •exposure  of  red  felsyte,  an  area  of  it  running  northwest 
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from  near  tbe  north  and  south  road,  and  rising  high  in  the  hill,  rep- 
resented by  1204.  This  is  about  five  miles  nearly  north  from  the  feN 
syte  ridge  described  near  Otter  Tail  P.  0.,  and  may  be  supposed  to  be 
the  same  stratum  brought  to  the  surface  again  on  the  north  side  of  the 
great  fault.  Some  of  this  takes  a  closely  sub-crystalline  form  (1205)  ; 
indeed  much  of  it  has  this  character.  There  is  no  constant  dip,  but 
in  some  places  an  indistinct  banding  is  seen  which  shows  an  inclina- 
tion about  50°  from  the  horizon,  N.  10°  E.  (mag.);  but  this  must  be 
only  a  local  irregularity.  Indeed  the  rock  here  is  so  much  changed  that 
all  its  original  bedding  is  lost.  Rocks  1207  and  1208  are  also  obtained 
from  this  ridge  of  felsyte,  but  they  are  sub-crystalline,  and  only  red 
superficially,  the  rock  1208  being  gray  and  apparently  a  fine-grained 
quartz  dioryte.  This  recalls  some  such  changes  seen  in  the  bluffs  of 
the  Animike  in  Minnesota,  particularly  that  examined  on  the  south 
shore  of  Loon  lake. 

This  felsyte  ridge  has  an  interesting  and  instructive  relation  to 
another  ridge  of  a  different  kind  which  runs  northwestward,  parallel 
to  it,  situated  across  a  little  valley  about  twelve  rods  to  the  south- 
west. This  ridge,  which  is  a  characteristic  bluff  of  characteristic 
Animike  slates,  dips  46°  S.  30°  W.  (mag.),  and  rises  above  the  little 
intervening  valley  from  fifty  to  seventy-five  feet.  It  runs  nearly  in 
the  direction  of  strike  of  the  rock  of  which  it  is  composed.  Its  high- 
est portion  is  toward  the  northwestward.  There  is  nothing  in  this 
ridge  but  very  fine-grained  gray  rock  which  is  nearly  black  on  frac- 
tured surfaces.  It  frequently  has  a  rusted  weather-scale  about  a 
quarter  of  an  inch  thick.  It  is  minutely  granular,  almost  aphanitic* 
It  is  thin-bedded  but  hardly  slaty,  evidently  of  sedimentary  origin. 
On  the  weathered  surface  it  is  harsh,  as  if  a  fine  net-work  or  frame  of 
amorphous  silica  consituted  the  base  of  the  whole.  It  breaks  with  a 
flinty  sub-conchoidal  surface  of  fracture.  It  is  closely  related  to,  if 
not  identical  with,  the  rock  seen  at  the  roadside  (1194)  and  belongs  to 
the  same  formation  as  the  rock  at  ''the  dump*'  and  the  "lithogpphic 
stone"  of  Mr.  Day,  but  probably  its  stratigraphic  place  is  above  the 
'lithographic  stone."  It  here  rises  into  extensive  ranges  of  hills,  and 
forms  the  rock  of  the  country. 

Murray's  hill  is  at  Murray's  Corners,  but  a  short  distance  east,  and 
on  the  north  of  the  road — S.  W.  \  sec.  36,  Coffin.  This  hill  rises 
about  two  hundred  feet  above  the  highway.  It  is  rough  and  basalti- 
fied  outwardly.  The  sedimentation  dips  78°  toward  the  S.  20°  W. 
(mag.),  thus  throwing  the  beds  far  below  those  seen  in  1206.  If  there 
be  no  irregularity  the  felsyte  No.  1204  lies  between  them.    Here  the 
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'^black  slate"  is  a  graDite-congloxnerate,  i.  e.  it  contains  numerous 
.  boulders  of  red  granite.  The  boulders  are  almost  wholly  of  red  gran- 
ite, and  the  rock  is  but  scantily  slaty  in  the  direction  of  the  sedimen- 
tation. Close  jointage  sometimes  produces  an  appearance  of  slatiness. 
Neither  has  it  any  slaty  cleavage.  On  the  top  of  the  hill  some  thin 
veins  of  white  quartz  stand  above  the  surface.  The  general  weathered 
aspect  is  slightly  greenish,  but  the  color  within  is  dark -green  to  gray. 
This  is  mapped  by  Logan  as  the  **upper  slate  conglomerate.''  The 
rock  is  shown  by  1209.  This  rock  appears  like  the  Ogishke  conglom- 
erate of  Minnesota.  Its  boulders,  however,  do  not,  here,  embrace 
any  of  greenstone.  At  the  foot  of  Murray's  hill,  on  the  west  side,  is 
a  dike,  represented  by  1210. 

At  half  a  mile  south  from  Murray's  Corners,  on  land  of  Hugh 
Matheson,  is  a  show  of  hematite  in  a  reddish  sort  of  quartzyte — 1211, 
It  runs  in  strings  and  thin  veinings,  mingled  with  quartz  and  some 
calcite.  The  quartzyte  is  fiae-graiued,  and  seems  to  form  a  large  bed, 
perhaps  fifty  feet  thick.  It  cannot  all  be  seen.  It  is  brecciated,  and 
these  minerals  are  in  the  cemented  fractures.  There  was  here  an  accum- 
ulation of  iron  in  crystals,  as  well  as  of  quartz.  This  rock  is  like 
some  of  the  brecciated  AnimiUe  of  Minnesota.  It  is  a  very  fine- 
grained quartzyte,  slightly  reddish. 

At  Riddlebank  P.  0.,  which  is  a  mile  and  a  quarter  southwest  from 
Otter  Tail  P.  0.  on  the  road  to  **  the  Bruce,"  is  an  exposure,  or  suc- 
cession of  low  exposures,  of  slate  conglomerate  similar  to  that  of 
Murray's  hill  (1212).  This  is  rather  fine-grained,  greatly  brecciated 
and  cemented  again  with  hematite  (in  black  scales  unless  crushed), 
and  shows  frequent  changes  of  dip,  and  frequent  short  faults.  The 
pebbles  are  principally  of  red  and  gray  granite,  gneiss  and  allied  rocks, 
but  there  are  a  few  of  red  jasper.  There  are  in  it  gray  quartzyte  beds 
ten  to  twenty  inches  thick,  which  weather  much  lighter  colored  from 
having  feldspathic  grains.  This  quartzyte  is  1213.  1214  represents 
pebbles  from  this  slate.  Some  are  of  gneinsic  crystalline  rock;  some 
look  as  if  they  were  from  older  graywackes  but  contain  feldspar  por- 
phyritically  disseminated,  and  are  schistose;  some  are  of  jasper,  but 
the  most  are  of  reddish  coarse  granite. 

In  traveling  from  Riddlebank  to  Thessalon  the  road  goes  near  Bruce 
mines  (1  m.  N.  E.  from  "  the  Bruce  ")•  At  the  point  where  the  road 
comes  nearest  and  turns  easterly,  a  slate  conglomerate  like  the  last  is 
found  in  some  low  exposures.  It  is  probably  what  Logan  styled  and 
mapped  ''lower  slate  conglomerate,"  but  it  seems  undistinguishable 
from  the  upper.    It  contains  here  large  red-jasper  pebbles. 
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Eastwardly  from  this  place,  along  the  road  leading  to  Thessalon  are 
seen  low  flat  areas  of  the  same  conglomerate,  dipping  at  a  high  angle 
toward  the  lake;  and  at  one  place  a  rock  like  that  at  Brace  Mines  ap- 
pears by  the  side  of  the  road,  distant  about  three  and  a  half  miles 
from  **the  Bruce."  But  it  is  evident  that  the  eruptiye  rock  which 
seems  to  be  the  prevailing  one  at  the  mines,  containing  the  vein  mined 

for  copper,  is  not  very  extensive  in  geographic  area  toward  the  north- 

» 

east,  for  this  road  runs  within  a  mile,  or  less,  of  the  lake  shore,  and 
passes  through  a  fine  tract  of  farming  land. 

At  Blind  River,  which  is  a  stopping  place  for  steamboats,  the  river 
which  gives  name  to  the  village  has  a  double  debouchure  into  lake 
Huron,  the  principal  one  being  the  more  easterly  and  affording  water- 
power  for  a  saw-mill.  There  is  abundant  exposure  here  of  the  erup- 
tive basic  diabase  or  "dioryte"  seen  further  west,  though  somewhat 
coarser  grained  than  at  Thessalon  (1174).  Here  it  has  occasional 
specks  of  red  feldspar  disseminated.  It  is  dark-colored,  rough,  though 
glaciated,  spreading  generally  in  low  knobs  that  rise  from  ten  to 
twenty  feet  above  the  lake.  On  the  east  side  of  the  mill  are  quartz- 
ytes  dipping  S.  10°  E.  (mag.)  about  48°  from  the  horizon.  One  bed 
of  quartzyte,  part  of  which  is  certainly  in  the  form  of  a  chemical 
vein,  is  about  ten  feet  wide.  It  is  followed  on  the  south  by  dioryte, 
about  forty  feet,  when  quartzyte  returns,  varying  from  dark  to  pale 
red,  but  mainly  gray,  and  continues  to  the  lake  shore— about  fifty- 
five  feet.  On  the  north  of  the  first  mentioned  bed  of  quartzyte  the 
dioryfce  extends  indefinitely.  This  quartzyte  seems  indistinguishable 
from  some  of  that  seen  at  Thessalon ;  but  in  general  it  is  finer-grained 
and  more  vitrified,  approaching,  in  a  degree,  the  texture  and  color  of 
the  so-called  ' 'chalcedonic  silica*'  of  the  iron-bearing  rocks  at  Ver- 
milion lake  in  northern  Minnesota.  The  line  of  contact  between 
the  quartzyte  bed  here  described,  and  the  greenstone  on  either  side  is 
not  straight,  nor  parallel  with  the  strike  of  the  quartzyte,  but  off-sets 
right  and  left,  like  a  fracture-plane  rather  than  a  plane  of  sedimentary 
superposition  or  of  igneous  overflow;  but  in  the  main  it  coincides  with 
the  strike  of  the  quartzyte. 

A  little  further  north,  at  the  recent  cuts  made  by  the  Canadian 
Pacific  railway,  the  relations  of  these  two  rocks  are  evident.  There 
is  a  continuous  rock  exposure  from  the  lake  to  the  railroad,  and  the 
€ut  shows  the  relations  expressed  by  the  subjoined  diagram — figure  4, 
which  is  a  view  of  the  north  side. 
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Sa^natian  of  Figure  4. 

2.  Dioryte,  showlDg  coarae  flowage-bedding  oft- 
en Been  in  overflow  sheets  of  eruptive  rock,  and 
particularly  in  the  great  gabbro  sheet  of  Minnesota. 

2.  Quartzyte,  pinkish,  with  detached  masses  on 
the  right  indicating  the  direction  of  flow  of  the 
molten  rock.  These  detached  masses  are  pink 
when  large,  but  some  of  them  are  greenish,  at  least 
superficially,  with  chlorite,  but  gray  within.  There 
is  some  difficulty  in  distinguishing  them  all  from 
the  enclosing  igneous  rock,  since  they  come  to  look 
like  the  fine-grained  contact  parts  of  it. 

3.  Basaltic  columns  developed  in  the  upper  part 
of  the  igneous  rock  from  the  cooling  in  contact 
with  quartzyte. 

4.  Dioryte  not  basaltic. 

5.  Quartzyte. 

6.  Quartz  vein. 

This  ridge  of  quartzyte  rises  toward  the 
southwest  so  as  to  coalesce  with  a  general 
quartzyte  area.  The  superficial  area  of  the 
dioryte  running  to  a  point  between  them. 

The  quartzyte  has  patches  of  chloritic 
shaly  quartzyte,  some  of  it  with  less  fine 
quartz.     This  is  visible  on  the  face  of  the 
perpendicular  cut.    The  southwestward  dip 
is  exhibited  plainly,  but  the  contact  of  the 
two   rocks,  when  sketched,  is  a  straight 
plane,  perpendicular  to  the  horizon,  visible 
specially  on  the  south  side  of  the  cut,  and 
continuous  to  the  north  side,  where  it  is 
perpendicular  or  slopes  a  little  to  the  north- 
we9t.    Fortunately  the  conjunction  of  the 
railroad  grade  with  this  contact  is  so  near 
the  top  of  the  ground  that  there  is  visible  a 
continuous  mass  of  the  dioryte,  spread  over  the  surface  of  the  quartz- 
yte and  extending  again  below  the  level  of  the  grade  and  continuing 
till  the  quartzyte  rises  and  spreads  out  eastwardly  without  interrup- 
tion.   There  could  be  no  more  conclusive  demonstration  of  the  erup- 
tive and  later  origin  of  the  greenstone.    Rocks  1175-1179  illustrate 
the  foregoing  description. 

The  same  fine-grained  gray  quartzyte,  varying  to  pinkish  and  dip- 
ping toward  the  lake  at  an  angle  of  80**  from  the  horizon,  is  seen  to 
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constitute  the  long  point  that  projects  from  the  mainland  southeast- 
wardly  from  the  westside  of  the  westerly  delta-arm  of  the  river.  It 
strikes  W.  10°  S  (mag.).  It  is  in  thin  beds,  and  though  the  grain 
and  color  is  much  like  that  already  described  at  Blind  river,  it  is 
strikingly  unlike  that  seen  at  Thessalon.  Indeed  its  physical  character 
seems  to  ally  it  with  the  slate  formation  and  the  rock  immediatel}'^ 
overlying  the  felsyte  at  Otter  Tail  P.  0.  rather  than  with  the  great 
conglomero-quartzyte  described  at  Thessalon.  Compare  rocks  1197 
and  1198.  The  point  is  crossed  by  a  diabase  dike  (1181)  forty-eight 
feet  wide,  which  runs  about  in  the  direction  of  the  strike;  and  by 
another  about  parallel  near  the  lake  shore  a  little  further  south. 

Missasaugui  river.  Toward  Missasaugui  river,  from  Blind  river, 
along  the  new  grade  of  the  Canadian  Pacific  R.  R. ,  the  first  outcrop 
is  about  a  mile  and  a  quarter  from  Blind  river.  It  consists  of  glaci- 
ated domes  of  diabase,  rising  on  the  south  side  of  the  grade.  But  a 
short  distance  further  west,  on  the  same  side  of  the  grade,  can  be 
seen  other  similar  domes,  but  on  the  north  side  of  one  of  them  is  a 
lenticular  area  of  pinkish  quartzyte,  the  greatest  length  being  about 
east  and  west  in  the  direction  of  the  strike.  Toward  the  east  it  is 
enveloped  entirely  by  diabase,  and  toward  the  west  it  is  hid  partly  by 
diabase  and  partly  runs  under  the  soil.  The  northern  contact  plane 
is  nearly  perpendicular. 

The  next  visible  rock  is  at  the  west  delta-arm  of  Blind  river,  where 
the  new  railroad  crosses  it.  It  is  quartzyte,  but  has  some  dioryte 
associated  with  it.  The  dip  is  confused,  but  at  one  place  it  was  seen 
to  be  distinctly  toward  the  N.  N.  W.,  the  reverse  of  that  along  the 
lake  shore.     But  this  is  likely  to  be  only  a  local  irregularity. 

At  about  three  quarters  of  a  mile  east  of  the  Missasaugui  river  is  a 
low  cut  in  the  quartzyte,  and  some  of  it  is  light  greenish,  or  pea- 
green,  shown  by  1183. 

At  the  railroad  cut  at  the  Missasaugui,  east  side  of  the  river,  the 
igneous  rock  is  exposed.  It  shows  a  rude  flowage-structure  dipping 
N.  W.,  and  it  embraces  red  felsitic  portions,  of  irregular  shape  and 
position.  These  are  very  conspicuous,  and  very  interesting  because 
they  illustrate  again  the  same  manner  of  origin  of  felsyte  as  has  been 
mentioned.  These  pieces  (1182)  can  be  accounted  for  by  supposing 
them  to  have  been  loosened  fragments  from  the  country  quartzyte 
enclosed  in  the  molten  rock  at  the  time  of  the  eruption,  and  in  that 
way  fused  and  welded  to  the  diabase.  These  isolated  red  felsyte  pieces 
have  considerable  free  quartz,  but  it  cannot  easily  be  ascertained 
whether  the  grains  have  a  crystalline  form.    The  bulk  of  it  is  aphan- 
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itic,  opaque  and  reddish,  and  the  silica  seems  to  have  been  feebly  dis- 
seminated in  the  felsitic  groandmass,  chemically  losing  its  identity  in 
whole  or  in  part. 

Different  conditions  and  stages  of  this  interesting  combination  are 
here  visible.  One  is  that  of  the  quartzyte,  in  association  with  the 
diabase  becoming  affected  by  heat,  some  of  it  becoming  infused  with 
what  now  appears  like  a  green  chloritic  matter,  the  quartz  losing 
some  of  its  distinctness — 1184.  Another  is  of  the  same  character, 
but  darker — 1185.  Still  further,  and  the  change  developes  an  ortho- 
elastic  tendency — 118-).  Again,  without  being  colored  by  the  inter- 
penetration  of  any  of  the  basic  elements,  the  changed  quartzyte 
becomes  dense  and  fibrously  basal tified,  appearing,  structurally,  like 
the  basaltic  red  felsyte  of  the  '^great  palisades"  on  the  north  shore  of 
lake  Superior — 1187.  The  last  step  in  the  mingling  of  the  two  rocks 
is  seen  in  the  formation  of  an  orthoclase  dioryte,  or  orthoclase  gabbro, 
wherein  the  silica  of  the  quartzyte,  fused  in  the  mass  of  igneous  mat- 
ter, apparently  having  sought  as  an  acid  the  strongest  alkaline  base 
(potash),  has  combined  so  as  to  make  a  dioritic  rock  that  is  speckled 
with  red  orthoclase  crystals — 1188  and  1189  These  stages  are  all 
visible  within  a  small  space  at  the  railroad  cut  at  the  east  side  of  the 
Missasaugui.  When  opportunity  occurs  a.  special  study  and  presen- 
tation of  these  varieties  of  rock  and  their  paragenesis,  in  connection 
with  other  similar  facts  that  have  accumulated  during  the  past  ten 
years,  going  to  show  the  origin  of  felsyte  from  sedimentary  rock,  and 
not  from  a  deep  eruptive  source,  will  be  made  in  some  of  the  publica- 
tions of  the  survey. 

At  the  mouth  of  the  Missasaugui,  on  the  west  side,  a  dome  of  dioryte 
rises  from  the  water's  edge  having  the  character  of  1190,  and  on  its 
southerly  margin  has  an  abrupt  contact  on  a  fine-grained,  gray,  almost 
flinty  quartzyte  which  dips  south  at  an  angle  of  about  80^  (1191). 
This  dioryte  has  a  different  aspect  and  apparently  a  different  composi- 
tion from  any  rock  seen  in  the  area  of  the  original  Huronian.  Its 
association  is  somewhat  different  also.  The  fine-grained  quartzyte 
with  which  it  forms  an  abrupt  contact,  while  probably  a  part  of  the 
qnartzyte  series  seen  at  Blind  river,  which  also  extends  along  the 
shore  between  Blind  river  and  the  mouth  of  the  Missasaugui  is  darker 
colored,  and  much  finer  than  the  great  Thessalon  quartzyte  and  evi- 
dently occupies  a  lower  stratigraphic  place  in  the  Huronian.  Its 
granular  structure  is  compacted,  and  cemented  closely  by  secondary 
silica.  Its  coloring  material  gives  it  a  suggestive  alliance  with  the* 
dioryte,  and,  owing  to  the  greater  metamorpbism  to  which  it  has  beeiv 
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Bubjected  leads  to  the  possibility  that  the  adjoining  dioryte  is  itself 
only  a  modified  condition  of  some  part  of  the  great  slate  formation,  the 
transition  being  similar  to  such  as  have  been  noted  in  the  Animikein 
northern  Minnesota  at  various  places. 

On  the  east  side  of  the  Missasaugui,  at  its  mouth,  is  a  beautiful  ex- 
panse of  this  quartzyte,  making  the  outer  breakwater  of  the  lake  shore 
and  enclosing  a  little  bay  where  the  river  enters.  The  strike  is  per- 
sistent here  and  conspicuous,  W.  6"*  N.  (mag.)»  and  the  dip  about  75% 
toward  the  lake.  False  bedding  and  slaty  characters  coincident  with 
the  stratification,  are  features  that  appear  in  some  of  the  layers.  No. 
1192  represents  one  of  the  greenish  weathering,  more  slaty  parts  of 
this  quartzyte.  This  quartzyte  is  cut  by  a  greenstone  dyke  running 
S.  66°  W.  (mag.),  showing  non-conformable  relations  with  the  strike, 
and  hence  non-inter-bedding.     This  dike  is  about  forty  feet  wide. 

Between  Missasaugui  and  Blind  rivers  an  inspection  of  the  shore 
in  a  row-boat  revealed  nothing  except  the  quartzyte  1191,  with  an 
occasional  dike  or  overflow-area  of  some  greenstone  eruptive.  The  dip 
of  the  quartzyte  is  regularly  from  75°  to  80°  into  the  lake,  and  the  im- 
mediate coast-line  is  for  nine-tenths  of  the  distance  composed  of  it.  The 
greenstone  dikes  have  a  direction  about  W.  20"" — 30°  S.  (mag.).  They 
are  represented  by  rock  1181,  from  the  point  off  the  mouth  of  Blind 
river. 

CONCLUSIONS    RESPECTING  THE  ORIGINAL  HURONIAN. 

This  examination  of  the  original  Huronian,  of  which  tho  foregoing 
is  a  brief  account,  leads  to  some  important  results  which  have  a  direct 
bearing  on  the  classification  of  the  rocks  of  Minnesota,  and  of  the 
northwest. 

In  general,  the  stratigraphic  grouping  of  the  parts  above  noted,  is 
about  as  indicated  by  Logan  in  the  report  and  atlas  of  1863,  except 
that  the  ''green  chloritic  slates,"  so-called,  are  not  at  all  included  in 
the  terrane  as  constituent  parts  of  the  stratigraphy.  They  are  a  part 
of  the  eruptive  basic  rocks  of  the  region,  and  very  doubtfully  ever  be- 
come slaty — indeed  they  never  exhibit  the  slatiness  of  roofing  slates, 
and  only  rarely  have  that  interrupted,  wavy,  thin  bedding  which  ap- 
pears on  the  weathering  of  a  once  molten  mass  indicative  of  an  inter- 
nal fluidal  structure.  Their  macroscopic  mineral  characters  also  ally 
them  closely  with  the  greenstones.  These  slaty  characters  moreover 
are  found  only  in  the  midst  of  areas  of  undoubted  eruptive  greenstone. 
Not  only  is  this  "chloritic  slate,"  but  all  the  ''greenstones*'  are 
excluded  from  the  Huronian.    They  are  regarded  by  Logan  as  acci- 
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dental  feainres,  except  so  far  as  they  are  named,  and  colored  a& 
"  green  chlorftic  slates."  In  his  map,  and  in  his  table  of  stratigraphic 
parts  of  the  Huronian  (map  of  1865),  there  is  absolutely  no  other  ref- 
erence to  the  yast  outflows  of  greenstone  that  cover  many  square 
miles  in  the  Thessalon  valley,  and  that  constitute  hill-ranges  as  con-^ 
spicuons  as  those  of  any  rock  in  the  region*.*  The  limestones  also  are 
quite  subordinate  parts,  belonging  in  the  slate  number  of  the  Huron- 
ran.  They  are  siliceous  and  cherty  in  some  cases,  and  very  fine-grained.. 
A  limestone  which  is  more  like  a  gray  crystalline  mkrble  appears  a 
little  northwest  of  the  old  Wellington  mines,  belonging  in  the  ''  low- 
>  er  slate  conglomerate,"  of  Logan,  but  time  was  not  afforded  to  exam- 

ine into  its  stratigraphic  relations. 

It  thus  appears  that  the  original  Huronian  can  be  divided  into  three 
grand  divisions,  viz. : 

1.  Red  and  white  quartzyte,  granular  and  sometimes  couglomeritic. 

2.  Slates  and  gray  quartzyte,  sometimes  conglomeritic. 

3.  Very  fine-grained  white  or  gray  quartzyte. 

No.  1  overlies  No.  2.  No.  1  includes  the  parts  31,  3i,  3h,  3g,  of 
Logan's  tabular  statement  accompanying  his  map  of  the  region,  of 
1865.  No.  2  includes  3f,  3e,  3d,  of  the  same  table.  No.  3  includes 
3a  and  probably  3c.  No  observation  was  made  that  fixed  without 
doubt  the  positions  of  his  parts  3k  and  3c,  but  from  what  was  seen  it 
is  inferred  as  probable  that  his  3k  belongs  in  No.  2  and  his  3c  in 
No.  3. 

It  seems  necessary  to  recognize  the  fauU  which  Logan  represents 
running  on  his  map  northwestwardly  up  the  Thessalon  valley,  by 
which  the  lower  rocks  are  suddenly  brought  to  the  surface  and  made 
to  appear,  according  to  the  prevailing  dip,  to  lie  over  the  upper. 

No.  1,  above,  is  divisible  into  at  least  two  subordinate  parts,  but  it 
is  not  supposed  that  the  character  on  which  these  are  based — that  of 
color — will  be  found  sufficiently  constant  to  warrant  the  extension  of 
this  division  beyond  the  limits  of  the  original  Huronian  area,  though 
other  distinctions  may  be  discovered  which  will  permanently  charac- 
terize these  members  over  a  broader  area.  1. — Otter  Tail  quartzyte. 
2. — Thessalon  quartzyte.  The  highest  member  of  the  Huronian  is 
the  Otter  Tail  quartzyte.  It  is  nearly  white,  but  in  limited  areas  it  is- 
both  conglomeritic  and  pinkish.  It  also  is  greenish  sometimes.  Ii;s 
greatest  and  characteristic  exposure  is  in  the  hills  along  the  east  side 
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*His  map  is  also  Incorrect  la  other  respectf .  It  repressnts  the  Laareotian  as  occapying  the  lake 
shore  for  some  miles  at  the  moath  of  the  Mtisasaagiii  ani  the  Blind  rivers,  where  the  only  rocks  are- 
quartzyte  abd  greenstone. 
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of  Otter  Tail  lake,  and  at  the  southeastern  extremity  of  that  lake. 
Its  thickness  id  several  thousand  feet,  but  there  was  nof  time  to  ascer- 
tain it  carefully.  The  underlying  quartzyte  is  red  or  reddish,  occa- 
sionally conglomeritic,  and  perhaps  prevailingly  somewhat  finer- 
grained  than  the  last.  It  is  that  member  which  would  most  probably 
afford  catlinite,  and  perhaps  the  fossils  of  the  catliuite  in  Minnesota,  if 
similar  clay  beds  could  be  discovered  in  it.  The  chief  outcrop  of  this 
quartzyte  which  was  examined  occurs  in  the  Thessalon  valley  forming 
a  ridge  running  nearly  east  and  west  and  rising  to  the  hi^ht  of  150 
feet  above  the  adjoining  low  land  on  the  south.  This  ridge  is  on  the 
north  side  of  the  Thessalon  and  its  composition  is  represented  by  rock 
1171.  The  thickness  of  the  strata  here  is  also  several  thousand  feet, 
but  no  exact  measurement  was  attempted. 

The  subordinate  parts  of  the  other  principal  members  are  as  follows : 
3  — Black  slate,  identical  in  all  characters  with  the  slaty  beds  of  the 
Aniniike  in  northeastern  Minnesota;  siliceous,  carbonaceous,  slaty  in 
the  direction  of  and  incident  to  the  sedimentation.  This  is  supposed 
to  embrace  the  limestone  layer  which  appears  near  '*the  Bruce." 
This  sometimes  varies  to  a  somewhat  harsher  grayish  feldspathic 
quartzyte.  It  appears  about  two  miles  south  from  Murray's  corners, 
north  from  Otter  Tail  lake,  and  there  constitutes  a  series  of  ridsres 
and  hills  that  give  the  country  a  very  rough  contour.  It  contains,  in 
some  of  its  more  quartzose  strata,  considerable  quantities  of  hard 
black  micaceous  hematite  distributed,  along  with  amethystine  quartz, 
in  veins  which  have  recemented  the  fragments  after  the  strata  have 
been  brecciated.  4. — ''Lithographic  stone."  This  is  found  in  the 
bottom-land  of  the  Thessalon  river  a  short  distance  below  Otter  Tail 
lake«  on  the  south  side  of  the  great  fault.  It  strikes  from  there  north- 
westwardly and  appears,  in  a  somewhat  more  granular  and  siliceous 
phase,  on  the  south  side  of  the  red  felsyte  hill  near  Otter  Tail  P.  0. 
This  is  only  a  modification  of  the  slates  of  No  3,  by  the  increase  of 
calcareous  sediment,  and  the  greater  fineness  of  the  siliceous.  5  — Ked 
felsyte.  This  is  found  forming  a  ridge  that  rises  about  200  feet,  near 
the  village  of  Otter  Tail.  It  appears  again,  on  the  north  side  of  the 
fault,  about  two  miles  south  of  Murray's  corners,  and  again  at  "the 
dump,"  where  it  is  represented  in  figure  4.  It  is  roughly  stratified, 
Qud  is  plainly  only  a  modification  of  some  of  the  beds  of  the  forma- 
tion. It  is  probably  not  a  continuous  layer.  6.— The  Missasaugui 
quartzyte.  This  differs  from  the  <^reat  quartzyte  forming  the  summit 
of  the  Huronian  in  being  always  gray  or  white,  very  fine-grained,  and 
dense.     It  seems  to  fade  gradually  into  the  more  siliceous  portions  of 
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the  slates  and  to  become,  in  some  places,  interbedded  with  slates.  Its 
thickness  is  probably  not  less  than  1000  feet.  7. — Slate  conglomerate, 
«eeu  at  Murray's  hill,  near  Murray's  corners.  This  is  one  of  the  prin- 
cipal members  of  the  Huronian.  It  is  repeated  in  Minnesota  iu  the 
Ogishke  conglomerate.*    Its  thickness  is  probably  at  least  5,030  feet. 

These  are  the  principal  masses,  and  they  exhibit  the  principal 
aspects  of  the  sedimentary  rocks  of  the  original  Huronian.  The  order 
in  which  they  are  named  above,  while  agreeing  mainly  with  that 
j^iven  by  Logan,  cannot  be  considered  established  certainly  by  the 
observations  we  were  able  to  make.  One  of  the  most  important 
points  to  be  noticed  in  this  is  the  evidence  of  two  great  quartzytes, 
haviug  many  common  features,  but  separated  by  a  great  body  of 
slate  and  perhaps  slate  conglomerate. 

These  rocks  are  not  crystalline,  but  fragmental,  and  show,  except 
where  they  have  been  modified  locally  by  contact  with  eruptive  rock, 
every  character  that  is  known  to  indicate  sedimentary  origin.  There 
are  no  mica  schists,  no  sericitic  schists,  no  hornblendic  schists,  no 
typical  gray  wackes,  though  the  dark  slates  sometimes  become  coarser- 
grained  and  approach  the  well-known  wackenitic  ensemble,  no  gneiss 
or  gneissic  rock  except  what  is  very  limited  in  amount  and  is  directly 
referable  to  contact  with  greenstone. 

Among  the  greenstones  it  is  not  designed  here  to  include  the  dioryte 
seen  at  the  mouth  of  the  Missasaugui.  There  are  reasons  which  it 
U  not  necessary  to  mention  at  this  place,  that  induce  the  writer  to 
entertain  a  strong  doubt  as  to  the  eruptive  nature  not  only  of  this 
dioryte  but  of  all  the  quartz-diorytes  that  are  associated  with  these 
slates  and  quarlzytes  in  northeastern  Minnesota.!  All  the  facts  that 
have  been  observed  by  the  Minnesota  survey  conspire  to  show  they 
are  derived  from  metomorphism  of  some  of  the  sedimentary  rocks  of 
the  group,  although  the  preponderance  of  opinion  of  microscopic 
lithologists  is  to  consider  them  of  original  eruptive  origin. 

The  Minnesota  parallels  of  these  rocks  have  been  indicated  already  in 
giving  the  local  descriptions,  but  a  brief  repetition  will  not  be  out  of 
,  place.     It  may  be  included  in  the  following  tabular  statement: 


*Sce  the  l5ib  Annaul  Report 

^Conip4ro  the  descripuon  of  theqaartz-iioryte  at  Little  PjIIh,  on  the  MississlppU  by  Streng  and 
Kloo»;  llth  annual  rcpurt«  pp.  34  uLd  74. 
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.of  Otter  Tail  lake,  and  at  the  southeastern  extremity  of  that  lake. 
Its  thickness  is  several  thousand  feet,  but  there  was  nof  time  to  ascer- 
tain it  carefully.  The  underlying  quartzyte  is  red  or  reddish,  occa- 
.^ionally  conglomeritic,  and  perhaps  prevailingly  somewhat  finer* 
grained  than  the  last.  It  is  that  member  which  would  most  probably 
afford  catlinite,  and  perhapia  the  fossils  of  thecatliuite  in  Minnesota,  if 
similar  clay  beds  could  be  discovered  in  it.  The  chief  outcrop  of  this 
quartzyte  which  was  examined  occurs  in  the  Thessalon  valley  forming 
abridge  running  nearly  east  and  west  and  rising  to  the  hieht  of  150 
feet  above  the  adjoining  low  land  on  the  south.  This  ridge  is  on  the 
north  ^side  of  the  Thessaloji  and  its  composition  is  represented  by  rock 
1171.  The  thickness  of  the  strata  here  is  also  several  thousand  feet» 
but  no  exact  measurement  was  attempted. 

The  subordinate  parts  of  the  other  principal  members  are  as  follows : 
.3  — Black  slate,  identical  in  all  characters  with  the  slaty  beds  of  the 
Animike  in  northeastern  Minnesota;  siliceous,  carbonaceous,  slaty  in 
the  direction  of  and  incident  to  the  sedimentation.  This  is  supposed 
to  embrace  the  limestone  layer  which  appears  near  ''the  Bruce.** 
This  sometimes  varies  to  a  somewhat  harsher  grayish  feldspathic 
quartzyte.  It  appears  about  two  miles  south  from  Murray's  corners, 
north  from  Otter  Tail  lake,  and  there  constitutes  a  series  of  ridges 
and  hills  that  give  the  country  a  very  rough  contour.  It  contains,  in 
some  of  its  more  quartzose  strata,  considerable  quantities*  of  hard 
black  micaceous  hematite  distributed,  along  with  amethystine  quartz, 
in  veins  which  have  recemented  the  fragments  after  the  strata  have 
been  brecciated.  4. — "Lithographic  stone.*'  This  is  found  in  the 
bottom-laud  of  the  Thessalon  river  a  short  distance  below  Otter  Tail 
lake,  on  the  south  side  of  the  great  fault.  It  strikes  from  there  north- 
westwardly and  appears,  in  a  somewhat  more  granular  and  siliceous  ^ 
phase,  on  the  south  side  of  the  red  felsyte  hill  near  Otter  Tail  P.  0. 
This  is  only  a  modification  of  the  slates  of  No  3,  by  the  increase  of 
calcareous  sediment,  and  the  greater  fineness  of  the  siliceous.  5  — lied 
felsyte.  This  is  found  forming  a  ridge  that  rises  about  200  feet,  near 
the  village  of  Otter  Tail.  It  appears  again,  on  the  north  side  of  the 
fault,  about  two  miles  south  of  Murray's  corners,  and  again  at  ''the 
dump,"  where  it  is  represented  in  figured.  It  is  roughly  stratified, 
4nd  is  plainly  only  a  modification  of  some  of  the  beds  of  the  forma- 
tion.  It  is  probably  not  a  continuous  layer.  6.— The  Missasaugui 
quartzyte.  This  differs  from  the  great  quartzyte  forming  the  summit 
of  the  Huronian  in  being  always  gray  or  white,  very  fine-grained,  and 
dense.     It  seems  to  fade  gradually  into  the  more  siliceous  portions  of 
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the  slates  and  to  become,  in  some  places,  inter  bedded  with  slates.  Its 
-thickness  is*  probably  not  less  than  1000  feet.  7. — Slate  conglomerate, 
«een  at  Murray's  hill,  near  Murray's  corners.  This  is  one  of  the  prin- 
cipal members  of  the  Huronian.  It  is  repeated  in  Minnesota  iu  the 
Ogishke  conglomerate.*    Its  thickness  is  probably  at  least  5,030  feet. 

These  are  the  principal  masses,  and  they  exhibit  the  principal 
aspects  of  the  sedimentary  rocks  of  the  original  Huronian.  The  order 
in  which  they  are  named  above,  while  agreeing  mainly  with  that 
^iven  by  Logan,  cannot  be  considered  established  certainly  by  the 
observations  we  were  able  to  make.  One  of  the  most  important 
points  to  be  noticed  in  this  is  the  evidence  of  two  great  quartzytes, 
having  many  common  features,  but  separated  by  a  great  body  of 
slate  and  perhaps  slate  conglomerate. 

These  rocks  are  not  crystalline,  but  fragmental,  and  show,  except 
where  they  have  been  modified  locally  by  contact  with  eruptive  rock, 
«very  character  that  is  known  to  indicate  sedimentary  origin.  There 
are  no  mica  schists,  no  sericitic  schists,  no  hornblendic  schists,  no 
typical  gray  wackes,  though  the  dark  slates  sometimes  become  coarser- 
grained  and  approach  the  well-known  wackenitic  ensemble,  no  gneiss 
or  gneissic  rock  except  what  is  very  limited  in  amount  and  is  directly 
referable  to  contact  with  greenstone. 

Among  the  greenstones  it  is  not  designed  here  to  include  the  dioryte 
seen  at  the  mouth  of  the  Missasaugui.  There  are  reasons  which  it 
U  not  necessary  to  mention  at  this  place,  that  induce  the  writer  to 
entertain  a  strong  doubt  as  to  the  eruptive  nature  not  only  of  this 
dioryte  but  of  all  the  quartz-diorytes  that  are  associated  with  these 
alates  and  quartzytes  in  northeastern  Minnesota.!  All  the  facts  that 
have  been  observed  by  the  Minnesota  survey  conspire  to  show  they 
are  derived  from  metomorphism  of  some  of  the  sedimentary  rocks  of 
the  group,  although  the  preponderance  of  opinion  of  microscopic 
lithologists  is  to  consider  them  of  original  eruptive  origin. 

The  Minnesota  parallels  of  these  rocks  have  been  indicated  already  in 
giving  the  local  descriptions,  but  a  brief  repetition  will  not  be  out  of 
place.     Jt  may  be  included  in  the  following  tabular  statement: 


^iee  the  I5ib  Aiioual  Report 

tComparo  the  dei^cription  of  the  qaartz-Jiory  teat  Little  Palls  on  the  Miteisslppi,  by  Streng  aud 
Kloo:i ;  i!th  annuul  rcpurt,  pp.  34  aLd  74. 
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Original  Euronian,  Mnnetota  equiwlerUt, 

Otter  Tail  quartzyte.  (  Pewabic  quartzyte  (?) 

]  New  Ulm,  Pokegama  and  Wauswau^o* 
Thessalon  quartzyte.  (     ning  quartzytes. 

Black  slate.  Animike  black  slate. 

*< Lithographic  stone'*  and  fine  gray 
quartzyte.  Not  known. 

Red  felsyte.  Felsytes  at  Duluth  and  probably  the 

Great  Palisades. 

Missasaugui  quartzyte.  Not  known. 

Slate  conglomerate.  Ogishke  conglomerate. 

There  is  some  reason  to  infer  that  there  is  an  anconformity  between 
the  Thessalon  quartzyte  and  the  Black  slate.  This  evidence  consists 
in  the  existence  of  cherty  and  quartzyte  pebbles  in  the  quartzyte 
which  seem  to  have  been  derived  from  the  Black  slate  strata.  The 
same  kind  of  evidence,  the  existence  of  granite  boulders  in  the  slate 
conglomerate,  indicates  another  unconformity  between  it  and  the 
granites  of  the  region  that  lie  to  the  east  &nd  northeast  of  the  Thessa- 
lon river;  but  in  the  latter  case  the  evidence  is  conclusive,  and  in  the 
former  it  is  but  inconsiderable. 

THE  IBON-BBABING  ROCKS  AT  KABQUBTTB,   MICHIGAN. 

At  Xegaunee.*    Some  observations  were  made  at  the  new  mines 
situated  about  two  miles  east  of  Negaunee.     There  is  a  singular  irreg* 
ularity  in  the  rocks  of  the  region  seen  in  this  vicinity.    The  Iron 
Cliffs  and  the  Sam  Mitchell  mines  are  troubled  by  a  sudden  inthrust 
of  the  north  wall,  by  which  the  body  of  iron  ore  is  entirely  cut  off  at 
an  angle  which,  in  the  latter  mine  differs  from  horizontality   but 
fifteen  degrees,  sloping  downward  toward  the  south.     The  strata  car- 
rying the  ore  dip  northward  from  65®  to  80%  and  this  inthrust,  there- 
fore, which  consists  of  a  great  quartzyte  of  unknown  thickness,  cuts> 
the  strata  off  nearly  at  a  right  angle.    In  the  Iron  Cliffs  mine  the 
superintendent  followed  the  upper  surface  of  this  quartzyte,  which 
here  descends  much  more  rapidly  than  in  the  Sam  Mitchell,  downward 
in  a  shaft  to  the  depth  of  about  seventy  feet,  following  a  two-foot 
layer  of  soft  greenstone,  hoping  to  get  below  the  troublesome  quartz- 
yte, and  then  by  drifting  southward  to  find  the  ore  again«     But  at 
about  seventy  feet  he  was  intercepted  by  another  quartzyte  which 
seemed  to  be  one  of  the  beds  of  the  iron-bearing  rock,  which,  dipping 
northward  at  the  same  angle  as  the  ore,  abuts  upon  the  intruding 

*Ia  pauiog  from  the  area  of  the  original  Haronian  to  Marqaette  opportonlty  was  afforded  to  not» 
the  dip  of  the  sandstone  causing  the  rapid*  at  the  ontlet  of  lake  Snperior.  It  was  foand  to  be  aboni 
10'  from  the  horixon,  10^  south  of  west,  magnetic. 
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quartzyte  so  as  to  leave  but  a  space  about  two  feet  wide  between  them. 
This  space  was  occupied  by  the  soft  greenstone  he  was  shafting  in, 
and,  though  it  changed  its  direction  so  as  to  become  perpendicular  he 
followed  downward  between  the  quartzytes  to  one  hundred  and  fifteen 
feet  without  change,  and  was  there  at  work  at  the  time  of  this  visit. 
The  next  mine  toward  the  west  is  the  Buffalo,  in  which  no  such 
trouble  has  been  experienced,  the  formation  dipping  regularly  toward 
the  norths  or  north  northwest,  at  a  high  angle. 

This  troublesome  quartyzte  is  represented  by  Nos.  1141,  and  1253, 
the  latter  however  from  the  south  side  of  the  shaft  at  the  depth  of 
iibout  115  feet.  They  are  identically  the  same  gray  quartzyte,  rather 
finer  grained  than  the  great  overlying  quartzyte  of  the  original  Huron- 
ian,  and  more  or  less  mingled  with  a  green  matrix,  a  siliceous  gray- 
wacke.  The  circumstances  appear  to  indicate  a  synclinal  folding  of 
the  gray  quartzyte,  the  mines  from  which  the  ore  has  become  tempo- 
rarily exhausted,  being  in  the  basin  of  the  syncline  where  it  is  shallow 
and  runs  near  the  surface.  At  the  depth  of  115  feet  it  appears  that 
the  folding  was  so  sharp  that  the  quartzyte  was  brought  against  itself, 
or  was  broken  and  thrust  against  itself  at  a  higher  level.  This  is  in- 
dicated not  only  by  the  identity  of  the  rock  on  the  north  and  south 
fiides  of  the  shaft  at  115  feet,  but  by  the  continuation  of  the  two-foot 
bed  of  greenstone  which  runs  down  between  the  quartzyte  beds,  up  to 
the  top  of  the  mine  on  the  south  wall  of  the  open  pit  in  conformity 
with  the  iron  ore  beds  and  with  the  main  quartzyte  bed  on  the  south 
side.* 

A  similar  quartzyte,  but  more  like  a  siliceous  gray  wacke  (rock  1218) 
sometimes  having  a  fi:reenish  aspect,  appears  on  the  northern  part  of 
the  Buffalo  property,  (next  west  of  the  Sam  Mitchell)  at  the  railroad- 
€ut,  in  such  a  position  as  to  suggest  the  probable  continuity  of  the  rock 
from  the  Sam  Mitchell  mine.  It  here  apparently  dips  N.  and  is  over- 
lain by  a  black  slate  (1249)  which  graduates  downward  into  a  contort- 
ed greenish  slate  (1250)  which  lies  directly  on  the  slickensided  upper 
eurface  of  the  quartzyte.  These  all  dip  north,  but  this  quartzyte  seems 
to  have  an  unconformable  upper  surface.  It  is  rounded  and  undu- 
lating, as  well  as  slickensided.  These  slates  lie  directly  upon  the 
quartzyte  (or  gray  wacke)  at  the  railroad  cut,  but  toward  the  westward 
they  seem  to  separate,  the  quartzyte  becoming  lost,  and  in  its  place 
on  the  south  side  of  the  slates  there  being  an  old  dike  which  runs 
conformably  with  the  slates  westwardly  across  the  railroad  and  on  to 

*A  similar  abropt  eottliig  off  of  the  ore  In  a  miae  bj  an  tnthrusting  qaartzyie  Is  described  by  Brooki 
«t  Michigamme,  the  inthroat  alio  coming  from  the  north.    Geol.  Surv  of  Mich.  vol.  i.  p.  138. 
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the  next  knoll  where  these  slates  become  somewhat  iron-bearing 
(1252),  and  the  selvage  of  the  slates,  the  hardened  and  broken  wall, 
alongside  the  old  dike,  projects  above  the  ground  conspicuonslj. 
Here  the  dike  is  hardly  visible,  but  can  be  occasionally  seen  on  the 
south  side.  This  old  dike  is  a  very  different  rock  from  the  slates, 
microscopically  (1251).  It  is  coarser  but  even  grained,  has  a  lig^hi 
green  color,  no  free  quartz,  ih  sub-talcose'  to  the  touch,  is  lenticularly 
schistose  perpendicularly,  without  sedimentary  banding^  cut  by  fre* 
quent  quartz  veins.  It  is  probably  the  same  greenstone  which  run» 
across  the  Iron  Cliffs  mine,  and  in  which  the  superintendent  shafted 
between  the  quartzyte  masses. 

At  the  Iron  Cliffs  (1143)  and  the  Swan  mines  (which  latter  is  a 
short  distance  west  of  the  Buffalo)  the  ore  is  interchangeable  with 
quartzyte,  both  across  and  in  direction  of  the  strike,  large  portions 
being  rejected  from  the  strata  which,  about  20  feet  right  or  left,  in 
the  direction  of  the  strike,  were  wholly  reserved  and>  shipped  as  ore.. 
This  irregularity  is  distinctly  observable  at  the  Swan  mines.  The 
sedimentary  rock  graduates  from  1247  A,  a  coarse  fragmental  stone,, 
mainly  quartz  but  with  glittering  facets  apparently  of  minute  crystals 
of  magnetite,  through  1247  B,  an  impure  hematite  banded  with  light 
red,  chalcedonic  silica,  to  1247  C,  an  earthy  heuMititic  jasperoid  rock, 
banded  and  clouded.  This  shows  a  common  origin  for  them  all  rather 
than  a  chemical  or  eruptive  source  for  the  jaspilyte  and  not  for  the 
others. 

Occasionally  also,  at  the  Iron  Cliffs  mine,  the  red  hematite  is  asso** 
ciated  with  lumps  of  siderite,  some  of  them  being  six  or  eight  inches 
in  diameter.  There  is  a  gradual  transition  from  one  to  the  other^ 
through  a  yellowish  limonite  (1142). 

Along  the  north  side  of  Teal  lake  at  Negaanee  runs  a  range  of  hills  ( 

made  up  of  a  nearly  white  granular  sometimes  pebbly  quartzyte  (1252)^ 
It  is  blotched  with  red,  ripple-marked,  evidently  fragmental,  and  dips 
south,  18°  W.  about  65".  This  is  mapped  by  major  T.  B.  Brooks  as 
continuous  with  that  which  forms  the  ^'capping  *'  of  the  ore  at  Ishpe- 
ming.  Here  it  dips  as  it  does  there,  apparently  below  the  ore.  It 
embraces  not  only  pebbles  of  quartz  but  some  of  other  kinds,  among 
which  may  be  mentioned  a  light  greenish,  very  fine-grained  serpentina 
ous  rock,  and  a  soft  red  hematite.  This  is  an  immense  quartzyte,  visibly 
200  or  300  feet  thick.  On  the  north  side  of  the  bluff  it  graduates 
downward  into  a  thin-bedded,  feldspathic  fine-grained  gray  q^uartzyte 
(1234)*    exactly  duplicating  the  section  seen  north  of  Ishpeming.. 

•  TbiB  seemB  to  be  the  rock  worked  fur  honeetoiiea ;  Hominger/  Geol.  Sur.  of  Mich.  vol.  iv  i  p-  4i. 
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Whether  this  is  here  a  conformable  transition  is  not  quite  certain,  as 
there  is  but  a  slight  outcrop  of  the  thin-bedded  gray  quartzjte  at  the 
point  examined.  Next  along  north  of  this  quartzyte  range  is  a  range 
of  dioryte  hills.  This  quartzyte  is,  in  the  opinion  of  the  writer,  the 
equivalent  of  the  Otter  Tail  quartzyte  of  the  original  Huronian,  and 
lies  unconformably  on  the  iron-bearing  rocks  at  Negaunee.*  This 
will  be  made  more  apparent  on  giving  the  observations  made  at  other 
points. 

An  old,  much  altered,  dike  can  be  seen  cutting  this  quartzyte  near 
the  east  eud  of  Teal  lake  (1255).  It  is  somewhat  serpentinous  and 
schisto-fibrous,  of  a  prevailingly  grayish-green  color  but  striped  and 
blotched  by  different  amounts  of  iron-oxide.  This  gives  it,  in  some 
places,  a  pseudo-aspect  of  sedimentary  banding. 

At  the  Eldridge  mine  on  the  south  side  of  Teal  lake,  which  is  as  yet 
only  an  exploration,  the  shaft  penetrates  one  hundred  and  fifty*three 
feet  perpendicularly  a  red  "  soap  rock,'*  which  is  said  to  dip  south  as 
if  it  passed  beneath  dioryte  hill  near  which  it  is  located. 

At  the  Hartford  mine,  a  little  further  west,  still  on  the  south  side 
of  Teal  lake,  ih&  situation  is  similar  to  that  at  the  Eldridge,  and  a 
good,  massive  hard  bluish  ore  is  taken  out. 

Next  west  in  the  Cambria  mine  the  formation  also  dips  south. 
This  mine  has  been  long  worked,  and  has  sent  out  a  large  amount  of 
ore.  The  mining  operations  exhausted  a  large  basin-shaped  pocket 
of  ore,  shut  in  by  ''jasper*'  on  all  sides,  and  on  the  bottom;  the  work- 
ing could  not  be  extended.  Drills  were  run  in  all  directions  into  the 
''  jasper*'  and  through  it,  but  nothing  more  could  be  found  of  the  ore. 
They  are  now  exploring  by  following  a  narrow  bed  of  ore  northwest- 
wardly, shafting  and  drifting. 

The  outbreak  of  the  dioryte  hills  between  Negaunee  and  Teal  lake 
seems  to  have  had  no  effect  on  the  dip  of  the  formation,  since  it  dips 
southwardly  on  both  sides  of  these  hills. 

At  Cascade,  which  is  four  and  a  half  miles  south  of  Negaunee,  the 
iron-bearing  rock  dips  toward  the  north  at  all  the  working  mines.  An 
interesting  feature  here  is  the  evident  fragmental  character  of  the  ore 
rock.  It  is  not  only  in  beds  that  vary  in  thickness  from  less  than  half 
an  inch  to  three  or  four  feet,  with  a  conformable  dip  28^ — 40"^  N.,  but 
some  of  them  contain  rather  coarse  grains  of  clear  quartz,  about  as 
large  as  mustard  seeds,  which  are  disseminated  in  a  manner  character- 
istic of  sedimentation  through  some  of  the  layers.    In  other  places 


*  Compare  The  American  Geologut,  March  1888.    A  great  primordial  quartsyte.    N.  H.  Wiochelh 
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the  ore  consists  almost  entirely  of  fine  magnetic  octahedrons  (1217). 
borne  of  the  micaceous,  massive  hematite  contains  great  numbers  of 
small  cinnamon  colored  garnets. 

Lying  unconformably  on  the  edges  of  the  ore-rock  is  a  quartzose 
conglomerate,  (1218  and  1219).  At  the  bottom,  this  conglomerate  is 
dark,  ferruginous  and  pebbly,  the  pebbles  being  from  the  fibrous  hem- 
atite of  the  region,  jasper  and  white  vitreous  quartz,  some  of  the  latter 
also  being  purplish  or  smoky.  It  also  contains  pebbles  of  the  very  fine- 
grained quartzyte  or  **  chalcedonic  quarts^'  peculiar  to  the  iron-bearing 
series  at  Marquette  and  Vermilion^  and  of  other  sorts  of  rock.  Toward 
the  upper  part  this  conglomerate  becomes  simply  a  quartzyte,  white  i 

or  dirty  white,  and  is  seen  covering  several  acres,  and  extends  at  least 
half  a  mile  from  north  to  south.  On  the  summit  of  the  hill  just 
south  of  the  old  workings  of  the  Watson  mining  company  (Bagley 
hill)  the  appearance  of  this  conglomerate  is  represented  by  the  figure 
attached.    (Figure  5.) 

Here  but  12  feet  can  be  seen,  dipping  apparently  N.  N.  E.  about  15 
deg.,  but  it  continues  in  knobs  and  hills  of  higher  and  higher  strata, 
toward  the  north  and  northeast,  showing  a  thickness  of  several  hund- 
red feet.  At  the  recent  new  mines  of  the  Pittsburg  and  Lake  Superior 
Mining  Company,  about  half  a  mile  toward  the  northeast,  two  shafts 
pass  through  this  rock,  one  250  feet  and  one  175  feet,  and  nothing 
else,  except  some  soft  shaly  material  (6  to  10  feet),  where  they  struck 
the  iron  ore  formation.  This  conglomeritic  quartzyte  appears  above 
the  surface  in  numerous  places,  one  knob  being  on  the  "  Location  " 
(at  Palmer  P.  0.)  It  here  dips  35°  toward  the  N.  40°  W.,  or  toward 
the  new  shafts.  It  here  contains  numerous  pebbles  i  in.  to  1  in.  in 
diameter. 

From  the  fact  that  pebbles  of  red  jasper,  chalcedonic  silica  and  red 
hematite  occur  in  this  conglomerate  it  is  apparent  that  the  iron  ore 
formation  must  have  been  constituted  in  pretty  nearly  its  present  state 
prior  to  the  formation  of  the  conglomerate.  This  quartzy  te-conglomerate 
appears  to  be  no  other  than  the  southern  rim  of  the  synclinal  of 
which  the  quartzyte  on  the  north  side  of  Teal  lake  is  the  northern 
rim.  While  dipping  in  the  same  direction,  in  general  terms,  the  two 
formations  do  not  dip  conformably.  If  the  detailed  structure  could 
be  known  it  is  probable,  further,  that  faults  would  be  seen  producing 
sudden  upthrusts  of  the  underlying  formation,  causing  the  apparent 
overlie  of  the  lower  on  the  upper,  as  at  Thessalon. 

Ishpeming,  The  basin  or  synclinal  trough  seen  at  Negaunee  extends 
westward  to  Ishpeming;  and  the  same  general  features  are  seen  there. 
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There  is  an  nnfionformable  overlying  qaartzyte  which  on  the  north 
side  is  seen  dipping  south  toward  Ishpemiug,  and  on  the  south  side 
consists  of  a  conglomerate  in  every  respect  like  that  at  Cascade,  the 
iron  formation  dipping  toward  the  north.  Intermediate  between 
these  rims  lies  the  city  of  Isbpeming,  and  the  mines  (some  of  them) 
penetrate  first  a  great  thickness  of  the  quartzyte  and  then  come  at 
once  upon  the  ore.    This  overlying  quartzyte  appears  ia  the  streets 
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of  the  cit^  and  is  well  known  as  the  "capping"  rock  of  the  ore. 
It  has  been  bored  through  at  a  great  many  places,  and  its  greatest 
thickness,  so  far  as  discovered,  is  near  the  center  of  the  basin,  amount- 
ing to  300  or  400  feet.  It  is  thinner  toward  the  north  and  toward 
the  south,  and  finally  runs  oat  entirely  in  those  directions,  the  width 
of  the  trough  being  here  about  three  miles,  or  about  half  as  much  as 
at  Negaunee.  The  synclinal  structure  of  the  valley  is  well  known, 
and  the  quartzyte  is  supposed  by  all  the  mine  operators,  and  by  all 
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f^eologists  so  far  as  I  have  learned,  to  be  conformable  with  the  rock 
carrying  the  ore. 

The  old  Saginaw  mine,  S.W.  from  Ishpeming  about  three  miles,  is 
a  repetition  in  all  respects  of  the  Bagley  Hill  works  at  Cascade,  and 
the  unconformable  position  of  the  conglomerate-quartzyte  on  the  ore 
can  be  seen  with  even  greater  distinctness  than  at  Cascade, — (rocks 
1221  and  1222).  Fig.  6  was  sketched  here.  It  illustrates  the  situa- 
tion at  one  of  the  easterly  small  openings  in  this  property.  Further 
north  the  quartzyte  rises  considerably  higher  in  rounded  glaciated 
hills.  On  the  northerly  side  of  one  of  these  knobs,  in  lower  ground, 
a  drill  hole  was  made  400  feet  into  this  quartzyte,  in  a  sloping  direc- 
tion toward  the  south,  without  piercing  it.  * 

The  bed  of  overlying  quartzyte  appears  again  about  a  mile  north  of 
Ishpeming,  where  it  causes  by  its  outcropping  edge  a  series  of  low 
hills  that  run  east  and  west  and  dip  toward  the  south.  On  the  south 
side  of  Deer  lake,  where  this  quartzyte  is  cut  by  the  grade  of  the 
railroad,  it  is  reddish  to  purplish,  and  dips  south  at  an  angle  of  50 
degrees.  It  can  here  be  traced  almost  into  contact  with  a  massive-to- 
fichistose  greenstone  on  which  it  would  lie  unconformably.  The 
quartzyte  here  is  represented  by  1228,  and  the  greenstone,  which  is 
sometimes  basaltic,  by  1229  and  1230.  This  is  all  on  the  west  side  of 
the  creek  just  below  the  outlet  of  Deer  lake.  On  the  east  side,  on 
either  side  of  the  road  to  Ishpeming,  the  relations  of  these  rocks  are 
further  exemplified.  This  massive-to-schistose  greenstone  becomes 
conglomeritic  and  rises  abruptly  in  a  hill  at  the  immediate  roadside, 
on  the  north  of  the  road,  to  the  hight  of  about  a  hundred  feet,  while 
just  on  the  opposite  side  of  the  road  appear  some  slightly  lower  layers 
of  the  quartzyte  dipping  at  about  the  same  angle  as  on  the  west  side 
of  the  creek.  These  lower  layers  are  thinner,  somewhat  slaty, 
glistening  with  bydro-mica  scales,  finer  grained  than  the  bulk  of  the 
quartzyte,  and  comparable  to  the  thin  layers  of  similar  rock  seen 
below  the  quartzyte  on  the  north  side  of  Teal  lake.  (1234).  They  dip 
below  a  quartzyte  knob  like  1228,  conformable  with  it. 

This  hill  of  conglomeritic  greenstone,  which  is  situated  just  south 
from  Deer  lake,  was  carefully  inspected,  owing  to  its  likeness  to  the 
schistose  conglomerate  seen  in  the  Vermilion  region  in  Minnesota. 
It  is  illustrated  by  rocks  1225  and  1226,  and  in  all  respects  is  identical 
with  the  conglomerate  seen  on  Stuntz  island  in  Vermilion  lake,  as 


*  Major  Brooks  represents  this  conglomerate  here,  and  at  other  places,  as  interbedded  with  the  iron 
formation;  and  Dr.  Bomloger  regards  it  as  conformable  with  the  ore  formation.  Wadsworth, 
lioweyer,  has  allnded  to  the  legitimate  conclusion  to  be  drawn  from  this  anconform ability.  (Notes 
€>n  the  geology  of  the  copper  and  iron  districts  of  Lake  Superior,  p.  31). 
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described  in  the  fifteenth  annual  report  of  the  survey.     It  is  soft, 
quartzlessy  or  nearly  so,  light  green,  becoming  darker  within,  especi- 
ally when  less  changed  by  age  and  exposure,  spotted  (but  sparingly 
here)  with  forms  of  boulders  that  are  of  the  same  stuff  as  the  rock 
itself,  fibro-schistose  nearly  vertically,  cut  by  quartz  veins,  and  in 
some  places  porphyritic  with  some  feldspar.     No  bedding  structure, 
such  as  can  be  attributed  to  sedimentation,  can  be  seen  in  the  rock, 
but  along  the  south  base,  near  the  road,  a  thin-bedded,  even  slaty 
structure,  .standing:  vertical  can  be  seen,  which  may  be  the  original 
sedimentary  bedding  of  the  formation  through  which  this  as  an  erup- 
tive may  have  issued.     This  also  is  a  light  greenish  rock  (1227),   and 
were  it  not  that  it  shows  a  markedly  different  structure  which  seema 
to  be  attributable  to  an  original  sedimentary  origin  it  could  easily  be 
classed  with  the  rock  of  the  main  hill  and  considered  a  part  of  it. 
But  there  is  not  a  similarly  abrupt  change  in  the  general  mineral 
characters  of  the  rocks  concerned.       There  is  what  might  be  con» 
sidered  a  sericitic  element  pervading  both,  giving  them  a  slippery  or 
''talcose'*  'feel,  and  some  of  the  schist  is  essentially  a  serpentinous 
schist,  and  fragments  from  it  seem  to  be  included  in  the  agglomer- 
ate.     Some  of  the  bands  that  simulate  sedimentary  structure  are 
finely  porphyritic,  and  resemble  the  mass  of  the  rock  of  the  hill.    The 
whole  situation  here  is  such  as  to  show  a  non-conformity  wibh  the 
quartzyte  across  the  street — whatever  be  the  relations  of  the  schist 
to  the  rest  of  the  hill.     This  hill  is  a  part  of  that  which  has  by  Dr. 
Romingerbeen  classed  in  his  "dioritic  group.'*     It  seems  closely  con- 
nected with  the  ^'serpentine  group,'*  and  indeed  the  writer  without 
much  hesitation  regards  the  two  as  one  group,  the  serpentinous  con- 
dition prevailing  whenever,   locally,  greater  alteration  has    taken 
place  in  the  original  rock,  which  was  an  eruptive,  basic  one.     It 
overflowed,  and  mingled  with  the  rocks  of  the  iron-bearing  series  un- 
conformably,  and  where  it  is  now  in  contact  with  them  it  constitutes 
at  least  in  some  places  the  "soapstone*'  and  the  ''chloritic  rock*'  of 
the  mines.     Subsequently  the  rocks  of  the  Huronian  were  deposited 
unconformably  on  the  iron  bearing  and  serpentine  groups,  these  con- 
sisting of  the  quartzyte,  the  novaculitic  and  the  black  slates.     These 
were  disturbed  by  later  eruptions  and  cut  by  other  dikes. 

Westward  from  Deer  lake,  traveling  toward  the  Ropes  gold  mine^ 
this  pebbly  greenstone  continues,  and  appears  in  numerous  outcrops, 
and  in  the  vicinity  of  that  mine  the  rocks  are  nearly  all  serpentinous. 
This  is  five  miles  N.W.  from  Ishpeming.  The  quartz  vein  (1233A> 
which  is  mined  for  gold  is  in  an  old,  much  changed  eruptive,  (1233) 
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of  a  greenish  color,  hardly  schistose,  a  pari;  of  the  same  formation, 
at  least  a  part  of  the  same  formation  as  the  pebbly  greenstone  al- 
ready described  (1225, 1229  and  1230).  The  quartz  was  chemically 
deposited.  It  is  vitreous  and  white,  not  ''chalcedonic."  In  the  im- 
mediate vicinity  of  the  mine  the  rock  affords  chemically  deposite'd 
limestone  (1231)  which  has  been  used  for  flux  in  the  furnaces  of  the 
region.  This  limestone  is  associated  with  a  considerable  magnesian 
element,  since  in  the  cavities  and  veins  are  found  nodules  of  pure 
talc  (1232.)    It  is  crystalline  and  of  a  gray  color. 

Recently  a  valuable  deposit  of  gold  has  been  discovered  on  the  land 
of  the  Lake  Superior  Iron  Mining  Company  about  two  miles  south- 
west from  the  Ropes  mine.  This  is  in  the  same  kind  of  silica,  and 
very  probably  in  the  same  country  rock. 

At  the  Michigatnme  mine,  the  working  is  in  a  magnetic  quartz 
schist,  the  ore  being  represented  by  1238.  This  graduates  into  jasper 
and  hematite,  the  whole  dipping  S.  and  apparently  lying  on  a  dioryte 
which  rises  in  a  prominent  range  running  E.  from  the  mine.  At  a 
little  further  east  this  horizon  of  ore  is  a  ferruginous  laminated 
quartzyte,  still  dipping  south,  away  from  the  dioryte;  still  further 
east,  and  a  little  further  north,  it  dips  in  the  opposite  direction,  in- 
deed dips  in  nearly  all  directions,  some  of  it  being  nearly  horizontal, 
appearing  as -a  dark  micaceous  and  garnetiferous  (?)  quartzyte  up- 
heaved by  the  underlying  dioryte  which  rises  in  isolated  hills  in  dif- 
ferent places.  Still  further  north,  about  half  way  toward  the  gran- 
ite range,  are  several  such  isolated  crags  of  dark  quartzyte,  most  of 
them  dipping  about  66^  toward  the  south — 1245  and  1246.  This 
quartzyte  is  cut  by  dikes  of  this  dioryte. 

At  the  granite  range,  which  lies  about  a  mile  north  of  Michigamme, 
a  gray,  somewhat  gneissic  quartzyte,  comes  directly  in  contact  with 
the  granite.  This  granite  (1240)  is  red,  and  very  siliceous.  The 
ridge  rises  about  150  feet,  and  at  the  southern  base  a  gray,  coarse, 
fragmental  quartzyte  forms  a  crooked  contact  with  it.  It  is  not  easy 
to  see  which  overlies.  A  lot  of  conglomeritic  pebbles  of  white 
quartz  are  stuck  on  the  south  face,  which  dips  at  an  angle  of  about 
80°  south.  But  these  may  not  have  been  conformably  stratified  with 
the  quartzyte,  but  due  to  the  quartzyte  having  abutted  on  the  granite. 
At  the  contact  there  is  abundance  of  quartz  disseminated  through 
the  granite  as  shown  by  the  specimen  1240  which  was  got  3  feet  from 
the  contact  on  the  north  side.  The  visible  contact  line  is  about  ver- 
tical, hut  dips  80°  north,  as  if  the  quartzyte  ran  under  the  granite. 
There  is  also  some  feldspathic  material  disseminated  from  the  contact 
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ftouthward  through  the  first  six  inches  of  the  quartzyte.  Compare 
1241,  1242,  1243  and  1244.  The  quartzyte  takes  a  gneissic  structare 
near  the  contact. 

At  another  place,  a  little  further  east,  the  contact  is  such  that  it 
a{)pear8  to  show  that  the  quartzyte  lies  on  the  granite.  Time  w^as 
not  su£Scient  to  make  further  examination  as  to  which  rock  here  is 
the  older. 

At  Marquette.  Passing  aloug  Bluff  street  northward  toward  Light- 
house point,  one  occasionally  sees  outcrops  of  a  greenish  schist  stand- 
ing up  nearly  vertical  and  apparently  forming  the  foundation  rock  of 
the  drift-covered  bluff  that  rises  on  the  left.  Near  the  extremity  of  the 
bluff,  not  far  from  the  lake  shore,  at  the  saw  mill,  this  schist  appears 
slightly  in  the  road  (1147),  and  although  a  part  of  the  general  forma- 
tion of  the  country  at  Marquette  it  has  some  exceptional  features 
which  ally  it  with  the  serpentinous  rocks  at  Presqu'Isle  and  at  Deer 
lake.  These  features  are  believed  to  be  due  to  a  more  advanced  stage 
of  decay.  It  is  a  silky,  hydromicaceous  or  talcose,  rock,  without 
apparent  bedding  but  fibroschistose  about  east  and  west.  It  appears, 
under  the  hand  glass  as  if  the  fine  grain,  of  which  it  entirely  consists, 
might  be  fine  "  chalcedonic  *'  silica,  but  on  being  scratched  it  is  seen 
to  be  too  soft,  giving  easily  a  white  streak.  The  rock  is  slaty- 
^chistose  but  not  slaty,  and  has  a  pinkish  tint  outwardly.  It  is 
translucent,  in  thin  scales,  and  is  veined  with  chemical  quartz.  It 
passes  in  a  short  interval  by  insensible  gradations  through  1147A, 
which  is  the  same  as  1147  but  with  some  felspathic  aggregations,  as 
if  porphyritic,  somewhat  greenish,  to  1147B,  which  is  apparently  a 
much  altered,  old  eruptive  fine  agglomerate,  recalling  the  rocks  seen 
westward  from  Deer  lake  to  the  Ropes  mine,  a  part  of  the  serpentine 
group  of  Rominger  and  the  equivalent  of  the  Stuntz  island  ag- 
glomerate of  the  Vermilion  region.  A  little  further  east  is  an  outcrop 
of  a  rough-looking  eruptive  rock  with  twining  coarse  flowage  struc- 
ture, that  extends  to  the  water's  edge. 

Northward  from  this,  along  the  lake  shore  and  extending  to  the 
extremity  of  Lighthouse  point,  is  a  greenish,  nondescript  rock.  On 
first  view,  owing  to  a  banding  and  lining  that  somewhat  resembles 
that  of  sedimentary  structure,  this  rock  might  be  considered  as  a 
fragmental  one,  and  so  the  writer  was  disposed  to  regard  it,  at  first, 
but  on  taking  a  more  extended  view  of  the  general  geology  and  also  a 
more  careful  inspection  of  the  rock  itself,  he  is  inclined  to  consider  it, 
and  all  the  rocks  on  Lighthouse  point,  as  probably  of  eruptive  origin, 
and  a  part  of  the  **  dioritic  group"  of  Rominger,  which  apparently 
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cannot  be  separated  genetically  nor  geographically  from  the  serpentine 
group.  There  are,  unquestionably,  diorytes,  and  eruptive  diabasic 
rocks  of  later  date  than  these  rocks,  and  some  of  them  may  occur 
within  the  same  areas,  but  these  old  "diorytes"  that  are  marked  by 
so  much  decay  and  that  probably  underlie  the  black  slates  and  cer- 
tainly underlie  the  great  quartzytes  unconformably,  constituting  a 
part  of  the  ''  iron-formation  "  proper,  are  considered  by  the  writer  to 
belong  to  an  older  epoch  of  widespread  eruption,  one  that  seems  to 
have  preceded  immediately  the  epoch  of  the  Huronian.  The  same  sue- 
<!ession  of  great  rock-masses  seems  to  hare  taken  place  in  northeastern 
Minnesota  and  has  been  alluded  to  in  the  15th  annual  report  of  the 
surVey,  p.  381. 

The  strike  of  these  schistose  rocks  on  Lighthouse  point  is  10°  W. 
of  N.  (mag.),  and  the  structure  stands  at  an  angle  of  80°  from  the 
horizon,  dipping  northerly.  The  whole  point  on  which  the  light- 
house stands,  enclosing  the  harbor  on  the  south  side  is  made  up  of, 
and  caused  by,  a  congeries  of  fractured  parts  of  this  greenish  schist 
with  later  dikes  of  doleryte  and  belts  of  quartz  porphyry.  This  later 
doleryte  constitutes  nearly  one-half  of  the  hill  where  the  lighthouse 
stands,  but  it  swells  out  and  recedes  very  irregularly,  forming  unex- 
pected bosses,  and  allowing  the  schist  to  take  its  place  again. 

This  greenish  schist,  which  in  some  places  is  very  firm  (1144)  and 
only  shows  a  fibrous  grain  on  weathered  surfaces,  is  heavy,  dark 
within,  free  almost,  or  entirely,  from  original  quartz.  On  its  weath- 
ered surface  its  structure  is  indicated  by  bands  of  varying  shades  of 
green,  and  in  its  seams  it  glitters  with  hydro-mica.  These  bands  of 
color  are  not  continuous,  but  consist  rather  of  an  interrupted,  nar- 
row, striping  in  which  the  color  lines  become  lost  by  running  to 
needle-shaped  points,  or  by  fading  into  each  other.  The  single,  light- 
colored  lines  sometimes  continue  for  only  a  few  feet,  or  a  few  inches; 
and  in  some  cases  when  narrow  they  rise  and  disappear  in  the  space  of 
less  than  an  inch,  bringing  the  darker  lines  into  contact  so  as  to  pre- 
sent the  aspect  of  a  nearly  homogeneous  green  rock.  At  the  same 
time  in  some  places  they  are  not  direct,  but  have,  when  fine,  a  fluidal 
waving  toward  the  north  or  toward  the  south.  In  other  places  again, 
and  particularly  on  the  northwest  extremity  of  the  point,  the  striping 
which  resembles  that  of  sedimentation  is  more  evident  and  persistent, 
and  in  some  parts  could  be  more  correctly  denominated  a  banding, 
some  of  the  bands  being  two  or  three  inches  in  width^but  even  then 
tbey  lose  their  identity  in  ten  or  twelve  feet,  and  give  place  to  a  finer, 


oH  SIZTBBNTH  XSmjAL  BEPOBT 

schisto-fibrOQB  Iming,     The  feldapathicelement  is  gray,  and  evidently 
some  plagioclase. 

The  reddish  rock,  or  qaartz-porphjry,  Ko.  1146,  is  not  common. 
Besides  a  conspicuous  dike  of  it  on  the  shore  southeast  from  the  light- 
house (whether  dike  or  not)  there  is  a  patch  of  it  near  the  water  at 
the  extremity  of  the  'point;  and  on  the  north  side  of  the  point  is  a 
nearly  conformable  narrow  bed.     This  last  runs  thirty-five  feet   and 
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is  visible  all  the  way  and  at  both  ends.  It  runs  out  to  sharp  points 
and  vanishes  in  the  green  rock  in  the  same  way  that  the  granite,  of 
thin  beds,  does  in  the  gneiss  and  mica-schist  at  the  northwest  end  of 
Yermilion  lake.  There  is,  however,  here  no  gradual  interchange  of 
minerals  between  the  two  rocks,  or  successional  gradation  toward 
each  other,  but  the  porphyry  appears  abruptly,  as  an  individual  rock, 
quite  different  from  the  rock  of  the  point,  and  maintains  its  mineral 
character  even  into  the  narrow  points  at  each  extremity.  This  bed 
is  about  a  foot  wide  near  the  middle  and  reddish,  but  at  the  points  it 
is  more  like  a  gray  quartzose  layer,  (1146A).  It  is  about  35  feet  long, 
and  appears  conformable  except  that  it  swells  out  and  again  dwindles. 
This,  however,  is  seen  in  all  the  beds  of  the  schistose  greenstone;  see 
figure  7. 

Explanation  tf  Figure  7. 

ThiA  sketch  represents  the  relations  of  the  different  dikes  to  the  rock  of  the 
country,  on  the  south  side  of  Lighthouse  point,  a  little  to  the  west  of  the  light- 
house. 

1144  is  the  schistose  rock  of  the  country,  having  a  structure  running  nearly  east 
and  west.  At  the  place  marked  A  is  an  indistinct  north  and  south  banding  or 
striation  on  the  surface  of  the  schist,  due  to  the  existence  of  some  siliceous 
veinings  that  do  not  wear  away  as  easily  as  the  rest  of  the  rock.  This  transverse 
fine  veining  Is  represented  by  1144  A.  It  has  no  important  significance  other  than 
that  there  has  been  exerted  on  the  formation  a  force  that  produced  an  incipient 
fracturing  and  a  fibrous  internal  arrangement  nearly  at  right  angles  to  that  which 
is  seen  generally  in  the  prevailing  rock.  At  various  places  in  1144,  especially 
aouth  of  the  lighthouse,  there  appear  to  be  minor  unconformities  within  the  rock. 
The  fiber,  running  in  one  direction,  is  cut  off  by  a  compacter  rock,  though  not 
distinguishable  otherwise  from  the  rest  of  1144,  that  has  its  fiber  perhaps  finer 
than  the  other  and  running  in  a  slightly  different  direction.  Sometimes  whole 
bands,  an  inch  or  two  wide,  are  thus  crowded  out  by  the  encroachment  of  others. 
These  little  irregularities  are  no  greater  than  are  seen  sometimes  in  eruptive  rocks, 
auch  as  that  figured  on  Stuntz  island  in  Vermilion  lake,  in  the  report  of  last  year, 
nor  are  they  very  different  from  that  which  is  known  as  false  bedding  in  sedi- 
mentary rock.  The  non-conformity  of  the  rock  1146  (quartz  porphyry)  with  the 
rock  1144  is  about  of  this  kind,  though  in  other  places  it  is  non-conformable  with 
1144  more  abruptly,  even  existing  as  blocks  embraced  in  it.  On  the  north  side  of 
the  point  the  schist  (1144)  while  more  conspicuously  banded  east  and  west,  and 
more  persistent  in  all  its  structure,  is  strikingly  basaltic  by  joints  running  north  and 
south,  causing  a  columnar  aspect,  resembling  that  seen  in  the  eruptive  rock  at 
Taylor's  Falls  on  the  St.  Croix. 

1146  is  a  reddish-gray  qukrtz  porphyry,  already  mentioned.  It  evidently  is  a 
part  of  the  same  formation  as  the  schists,  and  if  not  of  the  same  origin  it  has  very 
nearly  the  same  age  since  it  is  cut  by  all  the  later  dikes.  North  of  the  lighthouse 
this  rock  has  its  greatest  development.     In  addition  to  the  narrow  dike  already 
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mentioned  is  auother  which  intersects  the  point  east  and  west,  cutting  off  a  por- 
tion which  is  separated  from  the  main  part  of  the  point  by  a  gorge  caused  by  its. 
more  rapid  disintegration.  This  more  rapid  disintegration  is  not  because  of  the- 
softer  grain  of  this  porphyry,  but  is  caused  by  the  close  jointage  which  cuts  it  into- 
blocks  that  are  separated  by  frost  and  roll  down  to  the  lake.  This  dike  is  best  ex- 
amined NW.  from  the  lighthouse  near  the  water  heel.  The  dike  of  1146  shown 
in  the  sketch  is  cut  longitudinally  by  a  straggling  dike  of  another  sort  (1145  A). 
On  the  north  side  of  the  point,  near  where  the  vanishing  dike  of  quartz  porphyry^ 
occurs,  is  a  dark  dike  (1145B)  probably  of  the  same  age  as  1145A,  about  a  foot 
wide,  mainly  conformable  but  vanishing  in  the  same  way  in  indeterminate  points. 
(1145 A)  gradually  works  southward,  in  passing  through  1146,  and  at  the  east  leaves 
it  entirely  and  enters  1144. 

1145  is  the  latest  of  the  erupt! ves  of  the  point.  It  cuts  all  the  others  and  its  con- 
tact is  a  plane  running  N.  and  B.  It  forms  a  large  part  of  the  most  elevated  por- 
tion of  the  point,  and  spreads  irregularly  and  apparently  occupies  several  Assures 
that  run  across  each  other. 

By  examining  the  dikes  of  different  rock  cutting  this  point  the 

succession  of  steps  that  gave  them  origin  seems  to  be  as  follows : 

1.  The  schist  is  the  oldest  rock.  (1144). 

2.  The  quartz  porphyry  was  introduced.  (1146). 

8.  The  dikes  1145A  (and  perhaps  1145B)  were  introduced. 

4.  The  great  north  and  south  dikes  were  formed  (1145).  There  is 
confusion  in  the  direction  and  areas  of  these  latest  dikes.  There 
seems  to  have  been  a  tumultuous  breaking  of  the  rocks,  and  an  out- 
pouring of  the  molten  matter  wherever  fractures  occurred  and  allowed 
its  escape. 

THE  OOGEBIO  IRON  REOIOK. 

A  cursory  examination  was  made  of  some  of  the  mines  in  the 
Gogebic  iron  region  in  order  to  be  able  to  compare  the  features  of  the 
rocks  and  the  manner  of  occurrence  of  the  ore  with  the  iron-bearing 
rocks  of  the  Vermilion  iron  range,  and  some  rock-samplea  were 
collected  for  future  microscopic  comparisons. 

The  Colby  Mine.  At  the  Colby  mine  the  average  dip  is  about  60° 
toward  the  north,  10°  west.  There  is  apparent  no  hanging  wall  or 
foot  wall  except  the  rock  of  the  country,  and  that  is  a  thin-bedded 
siliceous  rock  which  itself  is  almost  ore  in  some  places,  because  of  the 
high  degree  of  ferruginization.  This  siliceous  material  is  jasperoidal 
and  distinctly  bedded  exactly  like  the  bedding  of  sedimentation.  The 
base  of  it  all  is  apparently  a  fine  *'  chalcedonic  "  silica,  the  same  as 
that  of  the  jaspilyte,  though  in  some,  or  many,  of  the  beds  it  is  a 
softer  material  which  may  be  earthy.  When  the  latter  is  stained 
they  call  it  "paint  rock."    But  it  is  not  the  "  paint  rock"  or  "  soap* 
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stone  "  that  is  deriyable  from  the  eruptives  as  at  the  Cleveland  mine.. 
Samples  No.  1256  represent  three  of  the  forms  of  rock  that  alternate 
with  each  other  forming  the  country  rock  t^at  constitutes  the  north 
wall  in  the  Colby  mine.  The  south  wall  of  the  south  Colby  mine 
consists  of  a  crumbling,  coarsely  granular,  siliceous  sandstone  (1257), 
the  grains  being  snb-angular  after  disintegration.  In  some  places  it 
is  firm  and  correctly  bears  the  name  of  quartzyte.  It  is  stained^ 
locally,  with  much  or  little  iron,  and  with  manganese.  The  ^'siliei- 
fication  "  process  seems  here  certainly  to  have  produced  fragmental 
silica,  and  subsequently,  being  interrupted,  to  have  been  followed  by 
the  process  of  ferruginization,  which  stained  this  sandstone' with  iron 
and  manganese,  sometimes  almost  constituting  it  an  iron  ore.  It  i» 
not  possible  to  say  this  ferruginization  is  a  secondary,  or  rather  ft 
third,  step,  later  than  the  general  ferruginizing  process,  and  that  this 
quartzyte  has  acquired  the  iron  by  reason  of  the  accidental  contiguity 
since,  for  the  quartzyte  graduates  into  the  rock  of  the  mine,  the 
acquired  substances  (iron  and  manganese)  being  the  same  as  in  the* 
real  ore.  The  general  circumstances  of  the  situation  will  not  allow 
of  such  a  separation. 

About  250  feet  further  north  is  an  opening  known  as  the  North 
Colby.  This  is  a  long  deep  pit,  where  the  iron  has  been  worked  out 
superficially^  and  timbered  shafts  are  being  prepared  for  deeper  mining. 

On  the  spur-track  from  the  Colby  to  the  Valley  mine  is  a  short  cut 
in  siliceous,  greenish  and  yellowish  slate,  now  largely  ferruginous. 
This  is  sometimes  earthy,  like  some  seen  at  the  Colby  mine,  but  it  is 
very  siliceous  with  "  chalcedonic  "  silica,  some  of  it  being  almost 
wholly  white,  although  the  prevalence  of  hydro-mica,  and  perhaps  of 
other  fine-grained  mineral  particles  intimately  disseminated  through 
the  siliceous  parts  gives  a  greenish  color  to  even  the  hardest  and  most 
quartzose  parts  of  this  rock.  This  dips  so  as  to  conform  to  the  rock 
in  the  Colby  mine,  and  probably  lies  under  the  foot-wall  of  the  South 
Colby.  The  full  thickness  of  the  bedding  here  involved,  making  al- 
lowance for  the  oblique  direction  in  which  the  road  goes  across  it,  is 
about  250  feet.     See  rock  125S. 

At  the  Valley  mine  the  working  is  all  under  ground.  Numerous  test 
pits,  and  two  shafts  have  been  sunk,  striking  rock  and  ore  similar  in 
all  respects  to  the  rock  and  ore  of  the  Colby  mine,  except  as  yet  noth- 
ing is  to  be  seen  of  the  coarse  sandstone  which  lies  as  the  foot- wall  of 
the  South  Colby. 

In  a  ditch  by  the  side  of  the  railroad  track  at  Bessemer  is  a  small 
exposure  of  the  bottom-conglomerate  of  the  Cupriferous.     It  contains 
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numeroas  pebbles  of  quartz  and  of  fine  porphyry  like  the  copper- 
bearing  conglomerate  at  the  Calumet  and  Hecla  mine.  The  dip  can- 
not be  made  out  as  the  exposure  is  small,  and  the  pebbles  rather 
evenly  distributed  throughout  the  whole.  This  conglomerate  must 
lie  in  unconformity  on  the  Gogebic  iron-bearing  rocks,  and  if  it  be 
the  equivalent  of  the  conglomerate  at  Negaunee  (Cascade)  as  it  ap- 
pears to  be  (see  p.  — ),  it  indicates  the  greater  age  of  the  Huronian 
quartzyte  (the  N.  T.  Potsdam  sandstone)  than  the  Cupriferous  forma- 
tion— t.  e.,  than  the  greater  part  of  the  Cupriferous^  since  the  Cuprif- 
erous strikes  east  and  west  near  Bessemer,  forming  a  conspicuous 
range  of  hills  of  eruptive  rock  but  about  a  mile  further  north,  the  J 

dip  being  such  as  to  cause  it  to  overlie  this  conglomerate. 

The  Aurora  mine^  at  Ironwood,  has  a  sandstone,  or  a  soft  quartzyte, 
rather  coarse,  identical  with  that  on  the  south  wall  of  the  South 
Colby  mine,  for  its  south  or  foot-wall. 

At  the  Aurora  mine  an  interesting  observation  was  made  on  the 
**  granite  *'  which  forms  a  low  hill-range  a  short  distance  south  of  the 
mine,  and  its  manner  of  contact  with  the  rocks  lying  just  north. 

The  low  granite  range,  which  has  been  mapped  as  Laurentian  by 
the  Wisconsin  geologists,  rises  about  fifty  feet  above  the  mine,  and 
lies  south  from  the .  mine  about  six  hundred  feet.  The  section  of 
strata  intervening  between  the  mine  and  the  granite  range  is  made 
up  about  as  follows,  in  southward  (and  descending)  order: 

1.  Iron  ore,  soft  hematite.    100—150  feet. 

2.  Sandstone  (sometimes  a  quartzyte),  about  15  feet  seen. 

3.  Gray  and  greenish  slates  and  quartzytes,  in  beds  from  half  an  inch  to  four 
and  SIX  inches ;  distinctly  sedimentary,  580  feet. 

4.  Gray  quartzyte  like  that  of  No.  3. 

5.  Granite ;  homblendic  and  massive. 


The  sandstone  (No.  1)  forms  the  south  wall  of  the  Aurora  mine. 
The  quartzytes  and  slates  (No.  2)  are  not  all  exposed  at  the  mine,  but 
at  the  Colby  mine  a  section  of  250  feet,  in  a  connected  exposure,  can 
be  seen  along  the  spur-track  west  of  the  mine.  About  100  feet  of 
similar  strata  are  visible  at  the  Aurora  mine.  Samples  1261.  It  is 
partly  assunipd,  therefore,  that  the  whole  interval  of  580  feet  consists 
of  the  same  rock  as  seen  at  the  northern  and  southern  limits.  It 
seems  to  be  a  part  of  the  Animike  slates  and  quartzytes. 

The  granite  (No.  5)  is  a  hornblende-granite.  Sample  1260.  It 
rises  in  rounded  bosses  and  forms  three  separate  low  bluffs  or  hill- 
ranges,  each  about  15  feet  higher  than  the  next  one  further  north. 
The  rock  itself  contains  boulder-forms  of  different  rock  from  the  mass 
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of  the  granite,  some  of  them  being  of  some  dark-colored  greenstone- 
like rock,  and  others  of  some  earlier  granitic  rock.  The  great  mass 
of  the  granite  is  mainly  homogenous,  and  these  bonlder-forms  appear 
most  distinctly  on  the  weathered  surface  of  the  blufif.  When  these 
boulder-masses  were  not  originally  of  greenstone  they  are  apparent 
by  a  blotched  aspect  which  the  granite  presents,  the  blotches  being 
caused  by  some  patches,  of  rounded  outline,  much  finer  grained  than 
the  rest,  or  by  a  marked  difference  in  the  relative  amounts  of  feldspar 
and  quartz  compared  to  the  same  minerals  in  the  most  of  the  granite. 
The  boulder-forms  are,  when  distinguishable,  from  two  or  three 
inches  in  diameter  to  twelve  inches.  Their  longer  axes  lie  prevailingly 
in  the  same  direction,  but  sometimes  they  have  lost  their  first  shape 
and  have  been  drawn  out  into  points  in  one  or  more  directions,  or 
have  been  a  little  distorted  by  unequal  pressure.  * 

This  granite  also  has  a  uniform  rift,  or  grain,  brought  out  by  the 
constant,  or  prevalent  elongation  of  the  hornblende  crystals  in  the 
direction  about  E.  &  W.  The  boulders  have  their  longer  axes  in  the 
same  position.  It  appears,  therefore,  that  originally  this  granite  was 
some  conglomerate,  which  has  been  plastic  or  fluid-like. 

At  the  most  southerly  of  the  three  low  bluffs  of  this  granite,  each 
of  which  faces  toward  the  north,  the  granite  can  be  seen,  on  the  north 
side,  to  lie  upon,  or  at  least  alongside  of  a  gray  quartzyte.  (1261). 
There  is  an  abrupt  and  simple  contact  line,  and  a  sudden  transition 
between  them. 

About  25  feet  further  north  is  the  second  low  northward  facing 
bluff  of  granite.  It  here  looks  as  if  the  granite  had  been  a  molten 
rock  and  had  flowed  unconformably  over  the  quartzyte,  the  dip  of 
which  cannot  here  be  ascertained. 

The  third  low  outcrop  of  the  granite  is  about  ten  feet  lower  than 
the  last,  and  about  30  feet  further  north.  In  the  north  face  of  this 
little  bluff,  not  more  than  six  feet  high,  is  observable  the  contact 
seen  in  *'  Fig.  2  "  of  fig.  8.  Here  the  granite  is  unconformable  on, 
and  embraces  pieces  and  tongues  and  slabs  of  the  gray  quartzyte 
and  quartzyte  slates  (1262).  This  quartzyte-slate  is  fine-grained, 
banded  by  sedimentation,  and  light-greenish  weathering.  It  is 
greenish-gray  within.  Sample  1262.  At  one  point  in  this  little  bluff 
is  a  small  area  of  granite  surrounded  by  crumpled  and  broken  portions 
of  the  slate.    So  at  least  it  appears  on  the  face  of  the  bluff,  but  this 

*Siini!ar  change*  from  conglomerate!  to  gceiaa  are  meut!ooed  by  Dr.  K.  Hitchcock  in  Vermont,  In 
AM'  Jour.  .Set.,  (2),  xxxi,  372. 
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isolated  granite  area  is  only  superficial  and  doubtless  was,  and  perbaps 
is  still,  united  with  the  main  granite  mass. 

These  three  little  blaSs,  ninniDg,  so  far  as  they  have  apparent  ex- 
tension, in  the  same  direction,  do  not  conform  in  their  trend  with  the 
direction  of  strike  of  the  bedded  rocks  that  intervene  between  them 
and  the  Aurora  mine.  They  vary  from  it  about  20  degrees,  as 
illustrated  in  "Fig.  1  "  of  fig.  8. 

The  interpretation  of  these  facts,  and  their  bearing  on  the  strate- 
grapbic  problems  that  relate  to  the  horizon  of  the  iron  ore  of  the 
Qogebic  range  seem  to  warrant  the  following  conclusions : 

1st.  The  granite  acts  the  role  of  an  eruptive  rock,  but  was  originally 
a  conglomerate.  It  was  so  far  molten  or  plastic  that  it  flowed  over 
the  adjoining  sedimentary  strata,  but  not  so  completely  fused  as  to 
have  rendered  the  resultant  granite  entirely  homogeneous. 

2nd.  The  accompanying  beds  of  sedimentary  rock  being  a  perfect 
lithologic  representative  of  the  qnartzytea  and  slates  of  the  lower  part 


Fig.  8.    Plat  and  section  at  the  Aurora  w 
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of  the  Animike,  this  conglomerate  can  be  parallelized,  stratigraphi- 
cally,  with  the  Ogishke  conglomerate  of  Minnesota  in  which  have 
been  seen  (Fifteenth  annual  report,  and  later  in  this  report)^  similar 
«emi.fo8ed  conditions,  producing  porphyries,  syenite  and  porphyritic 
<3ongIomerates. 

3rd.  The  horizon  of  the  ore  of  the  Gogebic  range  is  probably  that 
•of  the  Animike  rocks. 

4th.  The  granite  is  not  of  Laurentian  age,  but  is  younger  in  its 
present  condition  than  the  Animike  slates;  though  originally  a  con- 
glomerate older  than  those  slates. 

Explanation  of  Fig.  8. 

The  upper  portion  (Fig.  1)  shows  the  ground  plan  of  the  rocks  south  from  the 
Aurora  mine. 

The  lower  portion  (Fig.  2)  shows  the  overlie  of  the  granite  on  the  quartzyte — 
looking  south,  upon  a  low  hluff  facing  north. 

At  ike  Iron  King  mine  the  following  information  was  obtained  of 
foreman  Lehman.  Five  shafts  have  been  sunk,  two  on  the  south 
''vein,"  and  three  on  the  north.  Those  in  the  south  ore-bed  are  said 
io  furnish  ore  that  "has  too  much  manganese;"  but  those  on  the 
north  deposit  furnish  a  superior  soft  hematite.  The  ore,  after  the 
shaft  penetrated  the  *'  cap  rock,"*  widened  out  to  eighty  feet,  and  runs 
•east  and  west.  The  rock  intervening  between  the  ore-beds  is  not 
exactly  known,  but  the  walls  of  the  north  deposit  are,  quartz  on  the 
south  and  "paint  rock"  on  the  north  and  extending  north  from  the 
ore  forty  or  fifty  feet,  where  it  becomes  black  slates.  Between  the 
two  ore-beds  is  quartzyte,  jasper  and  sandrock,  mixed,  judging  from 
fiurface  outcrops,  the  distance  between  the  north  and  south  ore  de- 
posits being  about  four  hundred  feet.  The  jasper  is  "not  good  red 
jasper,  but  gray  to  black -like,  or  flinty."  The  ore  in  the  south  bed  is 
80  to  100  feet  wide,  and  "no  regular  hanging  has  been  struck;"  but 
no  great  development  has  been  done  there  because  there  seemed  to  be 
some  trouble  with  the  ore.  It  is  not  known  what  the  foot  or  hanging 
may  be  on  the  south  bed  of  ore. 

About  a  mile  east  of  the  Iron  King  mine  a  deep  drill  was  being 
made  in  the  "  black  slate"  which  overlies  all  the  mines,  and  runs  ap- 
parently in  an  east  and  west  belt  next  north  of  the  line  of  the  ore  de- 
posits.   This  slate  is  shown  by  samples  1263. 

•Th«  imported  term  "ctp  rock,"  probably  comes  from  the  miners  of  the  coal  meaaores,  and  it  baa 
no  deilnita  appIicaUon  nor  slgnlflcaDce  in  tbe  mining  of  iron  sacb  as  foand  in  tbc  lalie  8aperi)r  re- 
gion. It  la  need  aa  a  convenient  designation  for  any  rock  that  OTerlies,  or  obsenrss,  the  chief  ore  de- 
posit, tbrongh  wblch  a  shaft  passes  before  reaching  the  ore. 
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At  the  First  National  mine  the  same  general  geological  facts  seem 
to  exist.  There  are  what  are  known  as  the  south  ''vein,"^  aii*d  the 
north  'Wein."  These  are  simply  conformable  beds  in  the  general 
system  or  series  of  strata  which  for  some  reason  are  now  highly- 
changed  and  charged  with  hematite,  or  hematite  and  manganese, 
and  sometimes  (especially  further  west)  with  magnetite,  in  yariable 
proportions.  There  is  the  intervening  series  of  strata  that,  while  not 
ore,  yet  are  so  charged  with  iron  that  some  portions  consist  of  lean 
ore,  known  as  jasper,  quartz,  sandrock,  slate  rock,  etc.  There  is  the 
quartzyte  foot  wall  on  the  south  side  of  the  south  ore-bed,  and  the 
soap-rock  and  black-slate  on  the  north  from  the  north  ore-bed. 

Visits  and  short  examinations  were  made  at  several  other  Gogebic 
mines,  especially  such  as  are  open  pits  without  much  underground 
mining,  such  as  the  Montreal,  Kakagon,  Bourne,  and  the  Atlantic, 
but  nothing  was  seen  that  would  throw  further  light  on  the  genera) 
geology  or  the  relations  of  the  ore  to  the  crystallin^e  rocks  of  the 
northwest.  A  trip  to  the  Penokee  gap  was  made  by  Prof.  A.  Winchell, 
and  his  report  thereon  will  be  found  in  another  chapter. 

FBOM  GRAND  MABAI8  TO  OUKFLIKT  LAKE. 

From  Grand  Marais  to  the  crossing  of  the  I>evirs  Track  riyer^ 
sec.  32,  62-1  E,  not  a  single  exposure  of  the  underlying  rock  is  to  be 
seen  along  the  usual  trail  running  to  Rove  lake.  The  country  i» 
timbered  with  deciduous  trees  mainly,  but  with  some  scattering  cedar,, 
'balsam  and  white  pine.  The  whole  intervening  belt  is  fit  for  farm- 
ing  and  will  ultimately  be  occupied  by  farmers.  The  drift  sheet  is  not 
superficially  stony  so  as  to  impede  plowing.  At  about  a  fourth  of  a 
mile  north  of  the  Little  Devil's  Track  river  was  a  patch  of  potatoes 
and  corn.  Large  timothy  grass  grows  along  the  roadway  (Aug.  26^ 
1887)  and  is  cut  and  stacked  for  hay. 

At  about  a  mile  north  of  the  crossing  of  the  Devil's  Track  the  red* 
rock  of  the  country  is  crossed  by  a  narrow  belt  of  trap  about  half  a 
mile  wide,  rising  about  15  feet  above  the  rest  of  the  country  and 
trending  W.  N.  W.  and  stopping  on  the  north  side  in  the  form  of  a 
perpendicular  face.  On  the  north  of  this  the  country  is  drift-covered 
again,  but  has  a  superabundance  of  red*rock  boulders,  verging  to  red 
granite,  and  an  occasional  one  of  sandstone. 

The  descent  to  Clearwater  creek,  on  the  N.E.  i  of  sec.  20,  62-1  E^ 
is  about  ISO  feet,  and  a  marked  topographic  feature  is  the  hill,  or 
ridge,  known  as  "Birch  ridge,"  which  here  presents  a  bold  face 
toward  the  north  of  about  that  hight.   This  ridge  seems  to  ran  across 
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sec.  20,  and  along  the  south  aide  of  Clearwater  lake,  which  is  the  lake 
•crossed  by  the  line  between  sees.  19  and  20,  The  Clearwater  creek, 
running  from  Clearwater  lake,  is  a  small  affair,  but  has  iirery  cold 
water,  meandering  through  a  cedar  swamp.*  Elbow  creek  is  larger* 
They  both  run  over  a  rather  smooth  drift  surface,  about  ten  feet 
below  the  average  level.  A  low  trap  exposure  is  seen  about  in  the 
N.E.  i  of  sec.  9,  62-1  E,  and  boulders  of  trap  and  gabbro  are  seen  in 
the  N.E.  part  of  sec.  17.  This  outcrop  is  rather  fine-grained  and 
somewhat  porphyritic,  but  resembles  much  seen  on  the  lake  Superior 
shore.  When  weathered  it  assumes  a  brownish-green  color.  There 
is  but  a  slight  exposure,  the  surface  being  in  general  drift-covered, 
and  merely  undulating,  with  timber  mostly  fire-killed.  About  an 
eighth  of  a  mile  south  of  the  town  line,  in  the  N.  W.  i  of  sec.  3,  62-1 
E,  we  crossed  a  little  southeastward ly  running  creek.  This  is  near 
the  south  foot  of  what  is  here  known  as  Pine  mountain,  so  named 
because  it  was  formerly  covered  with  pine.  It  now  presents  a  bald, 
rocky  outline,  with  only  the  charred  remnants  of  the  original  forest. 

At  the  place  of  our  camp  (Aug.  27)  just  south  of  the  creek,  a  low 
ridge  of  fine-grained  gabbro  (or  a  greenstone)  1264,  runs  parallel 
with  the  direction  of  the  creek  forming  its  soathern  barrier,  but  this 
ridge  is  not  continuous.  It  rises  and  falls,  wholly  disappearing  to- 
wards the  N.W.  It  is  evidently  one  of  the  minor  ranges  of  hills  that 
attend  mountain  elevations  generally,  and  consists  of  the  same  rock 
as  Pine  mountain. 

Pine  mountain  is  evidently  only  a  local  name  for  a  part  of  an  im- 
portant hill-range.  This  range  can  be  seen  toward  the  west  two  or 
three  miles  distant,  and  presents  the  outline  of  eruptive  dike-formed 
buttes  in  some  of  its  individual  hills.  It  seems  to  be  the  same  that  I 
met  with  on  this  town  line  not  far  east  of  here  in  1879t  and  is  in  gen« 
«ral  known  as  the  Brule  fMmntaina. 

South  from  this  trap  ridge  (mentioned)  the  country  is  red  in  some 
places  with  the  debris  of  red-rock  drift  and  chips,  exactly  like  the  red 
shingle  on  the  Grand  Marais  beach,  making  it  probable  that,  with 
small  exceptions  where  the  basic  eruptive  rock  breaks  through,  this 
red  rock  underlies  the  drift  to  this  place.  But  there  is  so  much  drift 
that  the  actual  areal  distribution  of  these  two  rocks  cannot  be  ascer- 
tained with  any  degree  of  minuteness. 

*  The  oatM  ofCleanrBter  lake  to  repreMoted  on  the  townehlp  plete  m  being  toward  the  ioath  into 
Devil*!  Trtck  lake,  hot  Domlnlek  eeye  there  to  no  each  trthateiy  to  thet  lake,  end  that  ite  ontlet  to 
eeetwerd  and  then  eontheaitward. 

tThe  preeeat  Rove  lake  road  to  new,  only  made  aboot  two  yean  ago,  and  while  it  eolnddee  in  lome 
placet  with  the  old  road,  at  thli  place  they  are  nearly  a  mile  separate. 
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On  the  top,  where  the  trail  goes  over  this  range,  no  rock  is  visible. 
Much  drift  covers  it,  but  the  trees  are  fire -killed.  South,  25^  W.,  can 
be  seen  a  square-topped  mountain  which  Dominick  says  is  Cascade 
mountain,  near  the  mouth  of  Cascade  river. 

After  passing  the  main  hill,  from  which  lake  Superior  can  be  seen, 
but  where  there  is  no  rock  in  outcrop,  a  lower,  barcf  hill  can  be  seen 
a  little  to  the  north  of  the  maiu  rauge,  conical  in  shape  (S.  E.  i,  sec. 
33,  63-1  E.)  and  bavins:  the  color  of  the  rocks  of  the  Misquah  hills 
(1265).  Several  similar  hills  occur  near,  but  they  are  mainly  drift- 
covered. 

The  Brul^  mountains  which  seem  to  be  largely  composed  of  thi» 
red  rock,  are  well  named. 

Such  bills  of  red  rock  continue  a  distance  northward,  and  the 
whole  country  is  composed  of  such  rock,  which  is  easily  disintegrated 
by  the  fires  and  the  elements  so  as  to  cover  the  surface  with  thin 
gravelly  soil,  as  far  north  as  the  southern  part  of  sec.  4,  63-1  E. 
About  six  miles  distant,  in  the  direction  toward  Greenwood  lake,  but 
to  the  S.  W.  from  that  lake,  a  bare,  red  peak  of  greater  hight  can  be 
seen.  Beyond  Greenwood  lake,  and  rising  much  higher,  is  a  long  E. 
and  W.  hill  covered  with  green  timber,  which  Dominick  calls  Oreen* 
wood  mountain.  It  seems  to  be  a  part  of  a  general  range  of  similar 
hills,  and  is  probably  a  portion  of  the  tme  (gabbro)  Mesabi. 

The  Brule  river  occupies  a  very  deep  and  broad  valley,  running  in 
the  red  rock  along  here,  at  least  through  T.  63-1  E.  The  rock  itself 
is  not  frequently  exposed,  but  the  soil,  and  debris  resulting  from  its 
disintegration,  and  frequent  boulders,  or  fragments,  are  composed 
of  it. 

There  is  a  marked  difference  in  the  manner  of  weathering  of  this 
red  rock,  and  the  ordinary  gabbro.  The  latter  never  turns  red,  but 
crumbles  down,  maintaining  its  earthen  gray  color.  Large  boulders 
of  it,  seen  along  here«  decay  through  and  through,  and  pass  into  soil, 
through  a  pebbly  condition.  Where  they  lie  on  the  red  rock,  thus 
crumbled,  they  present  an  appearance  of  little  loads  of  gravel  dumped 
— wheelbarrow  loads,  or  wagon  loads,  according  to  the  size  of  the 
original  boulder.  But  the  red  rock,  in  all  boulders,  and  all  debris,  is 
red,  brick-red;  and  in  situ  it  is  superficially  brick«red,  and  brownish- 
red  within  to  any  depth  so  far  as  ever  observed.  This  brownish-red 
color  is  probably  due  primarily  to  the  presence  of  a  large  amount  of 
orthoclastic  feldspar,  and  it  prevails  through  all  its  deocrees  of  fine- 
ness, from  felsyte  to  red  granite.  When  this  rock  is  coarser  crystal- 
line it  sometimes  acquires  a  tendency  toward  a  gray  color,  due  to  the 
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presence  of  .more  free  quartz,  some  hornblende,  and  apparently  of 
some  plagioclase,  the  red  orthoclase  crystals  being  disseminated  more 
or  less  sparsely  through  it.  It  then  seems  to  grade  into  a  rock  which 
has  been  designated  sometimes  a  dioryte.  Such  a  variation  in  color 
was  noticed  just  before  reaching  the  crossing  of  the  S.  Brule. 

There  is  a  low,  narrow  ridge  of  gabbro-like  rock,  crossed  by  the 
trail  in  sec.  4,  63-1  E;  but  north  of  that  the  red-rock  returns  and 
and  continues  to  the  centre  of  sec.  19,  64-1  E.  It  is,  howevery  covered 
with  a  coarse  drift  of  large  boulders  consisting  of  gabbro,  porphyry, 
red-rock  and  amygdaloidal  trap;  and  in  sees.  30  and  29,  64-1  E,  this 
kind  of  drift  is  heaped  up  in  morainic  tumuli.  These  accumulations 
ran  in  diverse  directions,  the  larger  number  of  the  boulders  being  of 
the  red  rock.  At  the  crossing  of  the  N.  BruM,  and  south  from  there, 
are  many  porphyry  masses,  and  many  amygdaloidal  boulders.  These 
porphyries  are  sometimes  stellar,  in  the  manner  of  arrangement  of  the 
crystal  tables,  with  a  dark  matrix;  but  sometimes  a  mass  appears 
which  is  crowded  with  tabular  crystals  (1365A)  from  one  to  three 
inches  in  length,  and  not  more  than  an  eighth  or  a  quarter  of  an  inch 
in  thickness,  also  with  a  dark  (basic  ?)  matrix.  Some  masses  are  both 
porphyritic  and  amygdaloidal.  In  studying  these  boulders,  in  making 
the  passage  along  the  trail,  one  can  note  easily  an  increasing  tendency 
toward  dioritic  characters — that  is  an  increase  in  non-red-weathering 
feldspar,  greater  size  of  the  individual  crystals,  dark  homblendic 
crystals  mingled  with  schillerized  surfaces,  and  occasionally  note- 
worthy quantities  of  scattered  magnetite  or  menaccanite. 

There  is  north  of  the  North  Brul6  much  *' orthoclase  gabbro" 
among  these  boulders,  that  is  a  dark,  coarsely  crystalline  rock  with 
some  red-weathering  element,  the  conspicuous  minerals  being,  besides 
the  red  feldspar,  a  white  feldspar,  magnetite  (or  menaccanite),  long 
crystals  of  hornblende  and  some  quartz.  The  red  element  here  some- 
times is  not  crystalline,  but  is  in  disseminated  blotches  of  amorphous 
felsitic  matter.  This  felsitic  matter,  which  seems  to  act  the  part  of 
the  undifferentiated  residuum  of  the  molten  mass,  is  disseminated 
through  the  otherwise  dark  gray  or  dark  green  rock.  One  large 
boulder  in  particular  lies  in  N.E.  i  of  sec.  19,  64-1  E,  and  from  this 
was  taken  samples  No.  1266.  This  boulder  is  specked  with  red  feld- 
spar, but  has  also  some  plagioclase  that  does  not  take  a  red  color,  but 
rather  becomes  snowy  white  on  weathering.  Blotches  of  red  felsitic 
matter  are  scattered  over  its  outer  surface,  some  of  them  being  six 
and  even  ten  inches  in  diameter,  and  through  these  blotches  run 
strings  and  coarser  crystals  of  hornblende.     It  also  contains  some 
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quartz  and  magnetite.  Within,  this  boulder  does  not  maintain  its 
red  color,  but  appears  like  a  heavy,  dark  (diory te  ?).  In  the  immediate 
vicinity  are  a  great  many  boulders  of  the  same  kind,  making  it 
probable  that  their  native  place  is  not  far  away.  Thev  are  curiously 
and  coarsely  specked  on  the  weathered  exterior.  The  red  spots  are 
non-crystalline,  apparently,  but  are  cut  and  crossed  indiscriminately 
by  all  the  crystals.  The  largest  and  most  abundant  are  of  some 
white-weathering  feldspar,  next  the  hornblende,  then  magnetite,  then 
quartz.  . 

But  a  short  distance  beyond  (north)  where  these  specked  boulders 
lie,  the  same  rock  is  seen  in  place.  It  occurs  as  an  irregular  dike  or 
blotch  elongated  about  east  and  west,  and  on  the  north  it  has  the  red 
rock  in  contact.     1268. 

Rock  1267  represents  a  frequent  form  of  amygdaloidal  porphyry 
seen  south  of  the  North  Brul^  in  the  form  of  boulders. 

The  red  rock,  north  of  the  contact  above,  is  variously  modified  by 
different  degrees  of  crystallization,  but  extends  about  20  feet  north 
and  gives  place  to  a  belt  of  greenstone,  which  itself  is  again  replaced 
by  1266,  though  the  last  here  shows  much  more  white-weathering 
feldspar,  and  less  of  the  red  uncrystalline  matter.  Rock  1266  con- 
tinues about  ten  rods,  but  at  the  summit  of  the  ridge,  near  the  north 
side  of  sec.  19,  64-lE,  the  underlying  rock  is  more  fine-grained, 
though  essentially  the  same  as  1266.     It  is  represented  by  1269. 

It  seems  possible  to  trace  here  a  gradual  transition  from  the  red- 
rock  to  the  eruptive  rock  1269,  and  to  1266. 

These  latter  are  apparently  forms  of  the  dioryte  that  lies  on  the 
animike  hills  further  east,  and  which  is  interbedded  with  the  slates  and 
quartzytes  of  that  formation. 

As  we  approach  Crocodile  lake  (which  is  in  the  southern  half  of 
sec.  8,  64-lE.)  on  the  portage  from  Round  lake,  a  small  outcrop  of 
Animike  rock  appears  near  the  lake,  but  a  little  further  east  large 
areas  of  (gabbro?)  form  the  shore  and  rise  in  bluffs  from  the  water. 

On  the  portage  from  Bear  Skin  lake  to  Cariboo  lake  (N.  i  of  sec  5, 
64-lE.)  in  a  small  boulder  of  Ogishke  conglomerate,  which  is  rather  far 
east  for  drift-transport  from  any  point  at  which  this  conglomerate  is 
known  in  situ. 

The  high  hill  just  to  the  east  and  on  the  south  side  of  the  narrows 
of  Rove  lake,  situated  north  from  the  center  of  sec.  28,  65-lE.  was 
named  Mt.  Beunion,  from  the  fact  that  here  (i.  e.  at  the  Narrows) 
my  party  met  again,  according  to  appointment,  that  of  my  brother, 
after  having  been  separated  about  a  month. 
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North  from  the  north  side  of  North  lake,  nearly  in  a  line  due  north 
from  the  north  end  of  the  portage  from  South  lake  to  North  lake, 
begins  a  trail  that  leads  to  Northern  Light  lake.  At  a  little  less  than 
a  mile  from  North  lake,  on  this  trail,  a  very  light-colored  micaceous 
gneiss  is  found,  forming  low  hills.  The  weathered  surface  shows  that 
there  is  a  large  ingredient  of  feldspar,  but  on  a  fractured  surface  the 
grains  are  nearly  all  glassy,  as  if  it  consistpd  of  nearly  all  quartz. 
This  pseudo-siliceous  appearance  is  due  to  the  glassy  nature  of  the 
white  feldspar.     All  the  grains  are  fine.    (1270.) 

Between  the  lake  shore  and  this  gneiss  is  one  outcrop  of  dark  trap 
rock;  and  numerous  fragments  of  the  red  and  flinty  beds  of  the  Oun- 
ilint  series  indicate  the  rocks  that  intervene  between  the  trap  and  the 
gneiss  in  situ  in  the  intervening  belt,  but  of  the  latter  no  actual  out- 
crop was  seen  on  this  hasty  excursion. 

No.  1271  is  oolitic  bloodstone,  or  red- brown  jasper,  one  of  the  forms 
of  the  Gunflint  beds.  This  is  heavy  with  hematite.  It  also  was 
brecciated,  and  now  holds  angular  fragments  of  rock  like  itself.  It  is 
also  finely  crystalline,  appearing  like  No.  866 A  seen  on  the  '*  south 
ridge  "  at  Tower,  where  the  jaspilyte  appeared  to  have  been  fused  and 
then  to  have  taken  on  a  sub-crystalline  structure  from  a  fragment 
found  on  the  surface. 

The  rapids  going  out  from  North  lake  are  caused  by  beds  of  Ani- 
mike  and  basaltic  hardened  Animike  1272.  The  strike  of  the  latter, 
looking  like  trap,  is  visible  about  20  rods  east  of  the  rapids  under  the 
water  of  the  lake,  but  rising  nearly  to  the  surface. 

No.  1273,  dense  blackened  trap,  just  west  of  the  rapids  last  men- 
tioned, north  side.  A  short  distance  further  west  appears  No.  1274, 
a  firm  mica-gneiss,  similar  to  No.  127Q.  The  trap  must  lie  upon  the 
gneiss  (1274),  which  is  in  outcrop  a  short  distance  further  west. 

ABOUT  GUNPLINT  LAKE. 

On  the  north  shore  of  Ounflint  lake^  about  a  mile  west  of  the  en- 
trance of  the  river,  this  trap  (gabbro?)  lies  on  a  series  of  slates  and 
flinty  beds,  the  upper  part  of  the  series  being  changed  apparently  by 
the  gabbro.  No.  1275  is  from  the  upper  part  of  the  gabbro  here 
seen.  It  is  made  up,  macroscopically,  of  a  gray  plagioclase,  and  a 
dark  mineral,  probably  augite.  These  two  seem  to  constitute  the 
bulk  of  the  rock«  and  it  is  with  difficulty  and  much  uncertainty  that 
any  other  mineral,  except  a  rare  grain  of  magnetite,  can  be  distin- 
guished under  the  hand-glass.  It  is  thus  quite  different  from  the  rock 
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1266  and  1269.  The  underlying  Bedimentary  beds  are  slaty  and  flinty, 
interstratified.  Some  of  the  strata,  near  the  overlying  trap-sheet,  are 
plainly  modified  by  the  heat  of  the  superincumbent  masa.  No.  137& 
represents  such  a  modified  form  of  the  dunflint  beds,  and  12TT  shows 
the  fiinty  character  of  some  of  these  beds.  The  former  is  from  be- 
tween beds  of  black  thin  sheets  of  horizontal  slate,  some  of  the  lat< 
ter  adhering  on  each  side  of  the  specimen.  It  is  composed  essentially 
of  pieces  and  granules  of  a  dark  gray,  aphanitic  rock  varying  in  size 
from  that  of  a  pin-head  to  peaa,  or  larger,  closely  compacted  together, 
but  cemented  in  the  interstices  by  a  glassy  mineral  that  appears  to  be 
free  quartz,  the  general  aspect  being  that  of  a  dark,  basic,  dense 
diabase  specked  with  minute  white  spots. 

About  half  a  mile  further  nest,  on  the  north  shore,  where  the  bluff 
ceases,  and  a  bay  extends  toward  the  north,  the  trap  lies  directly  on 
the  slates,  with  little  flint,  and  with  little  modification  of  the  slaty 
beds — Fig.  9.  The  trap,  however,  is  rendered  black  and  very  fine- 
grained at  the  bottom  and  for  some  space  upward — say  six  feet — but 
graduates  into  rock  the  same  as  1375  at  the  top,  making  a  basaltic 
capping  over  the  slates,  similar  to  that  at  the  east  end  of  South  Fowl 


Fig.  9.    Gahbro  sheet  lying  on  Animike  slate. 
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lake,*  bnt  not  on  so  magnificent  a  scale;  and  the  transition  seems  to 
be  as  sadden.  This  bluff  is  aboat  60  feet  high.  The  dip  is  S.  E., 
four  or  five  degrees.  There  are  continuous  sheets  of  flint,  trans- 
lucent like  obsidian,  interbedded  in  the  slates.  But  this  does  not 
graduate  into  the  trap  although  at  first  surmised  to. 

Near  the  mouth  of  the  creek  which  enters  Gunflint  lake  from  the 
north,  at  the  east  end  of  the  long  bay,  is  an  exposure  of  a  dark- 
colored  fibrous  schist  (1278),  evidently  belonging  to  a  different  forma- 
tion— the  Eewatin  series  of  Mr,  A.  C.  Lawson  of  the  Canadian  geo- 
logical  survey.  This  is  nearly  vertical  in  its  general  structure,  or  dips 
85** — 88**  north,  and  the  strike  is  E.  &  W.  (true).  This  is  fine  and  ap- 
parently hydromicaceous  and  softens  under  the  weather.  It  embraces 
cubes  of  pyrite.  In  the  midst  of  this  schist  appears  rock  1279,  some- 
what like  a  dike,  which  is  coarser-grained,  sub-porphyritic  with  feld- 
spathic  grains  that  weather  pinkish,  is  very  siliceous,  fibrous  in  th& 
same  direction  as  the  schist,  and  runs  about  parallel  with  its  prevalent 
structure.  Intimately  disseminated  through  this  sub-porphyritic  rock 
are  fine  scales  of  a  micaceous  element,  appearing  like  muscovite  but 
perhaps  of  the  same  nature  as  the  finer  micaceous  scales  of  the  schist. 
These  are  so  arranged  as  to  their  direction  as  to  impart  a  schisto- 
gneissic  structure  to  the  whole  rock. 

This  exposure  is  interesting,  being  the  most  eastern  known  locality 
of  the  Kewatin  rocks  in  Minnesota,  and  onlv  about  20  rods  dilEant 
from  some  horizontal  slates  of  the  Aniinike,  which  lie  but  little 
further  south  in  such  a  position  as  to  be  necessarily  unconformable 
over  the  Eewatin. 

But  a  short  distance  further  west  gabbro  appears  at  the  lake  shore 
in  a  short  exposure,  and  rises  inland. 

Again,  a  few  rods  further  west,  appears  rock  1280,  a  part  of  the 
Eewatin  series,  apparently  an  old  eruptive.  Gabbro  rises  high  in  a 
ridge  immediately  inland.  This  older  eruptive  (  ?)  is  apparently  sim- 
ilar to  the  dioryte  and  serpentine  group  of  Dr.  C.  Rominger,  seen  in 
the  northern  peninsula  of  Michigan,  and  perhaps  is  stratigraphically 
near  the  same  horizon. 

Next  adjoining  this  old  eruptive  rock,  is  a  larger  outcrop  of  Ee* 
watin  strata,  with  gabbro  lying  on  it.  It  is  a  gray,  compact,  felsitic 
rock,  weathering  reddish,  1281.  It  is  marked  east  and  west  by  very 
evident  sedimentation  bands,  the  strata  standing  about  vertical,  the 
aspect  resembling  that  of  a  transition  to  "red-rock**  seen  on  the 
Eawishiwi  last  year.    This,  however,  is  quite  another  "red  rock  "^ 

«  Sketched  in  1678. 
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from  that  seen  south  from  Crocodile  lake  last  week.  That  was  very 
•evidently  crystalline  from  a  molten  condition,  but  this  retains  its  sed- 
imentary structure,  and  could  have  been  only  plastic.  This  grayish, 
fine,  felsitic  rock,  which  is  not  sericitic,  becomes  hydromicaceous  and 
iglistening,  or  is  replaced  by  such  a  rock,  a  little  further  west,  and  then 
it  is  laminated  as  if  by  a  fluidal  structure,  the  laminse  being  curved  and 
contorted  about  large  quartz  grains  that  are  enclosed  in  the  mass. 
Whether  these  quartz  grains,  which  have  the  vitreous  structure  of 
•chemically  pure  quartz  and  are  not  fragniental,  are  indigenous  to  the 
rock,  originally  porphyritically  generated,  or  were  the  result  of  coarse 
sedimentation,  it  is  difiScult  now  to  say.  They  are  sub-angular,  but 
are  frequently  elongated  east  and  west,  in  concordance  with  a  direc* 
tion  of  the  laminae  (1282). 

This  pebbly  (or  porphyritic)  structure  increases,  further  west,  and 
the  rock  becomes  firm  and  more  massive,  rising  in  vertical  cliffs  about 
40  feet  at  the  shore,  constituting  a  porphyritic  gneiss,  the  quartz 
grains  becoming  more  abundant  and  larger  and  being  accompanied  by 
large  crystals  of  white  feldspar,  (1283).  While  here  the  laminated 
structure  is  broken  up  and  lost  there  is  substituted  a  concordant 
fibrous  and  gneissic  rift  pervading  the  rock,  1283  (compare  Nos.  309, 
•310  and  311,  report  for  1880).  Interbedded  with  this  gneiss  is  argil- 
litic  slate,  1284-5. 

liibere  is  a  green,  fibrous  rock  also  seen  here,  same  as  1280,  which 
may  have  resulted  from  change  in  a  basic  eruptive,  which  is  inter- 
bedded with  this  porphyry  and  argillyte.  It  is  in  thick,  conformable 
beds.  It  goes  down  deep  and  belongs  to  the  same  series  of  strata.  It 
is  not  in  the  form  of  an  overflow. 

Making  a  traverse  north  from  Gunflint  lake  at  about  half  a  mile 
west  from  the  mouth  of  the  river  that  enters  from  North  lake,  un- 
^questionable  gneiss,  like  that  already  mentioned  (1270  and  1274),  is 
met  with  at  about  a  mile  and  a  half  from  the  lake  shore,  at  a  hight 
from  eighty  to  one  hundred  feet  above  the  lake.  The  object  of  the 
trip  was  to  see  the  changes  that  may«take  place  in  the  Kewatin  to- 
ward the  north,  and  to  learn  the  nature  and  relations  of  the  iron  ore 
.said  to  exist  north  of  Gunflint  lake.  It  proves  an  interesting  section, 
which  warrants  the  following  general  statements: 

1.  All  the  iron  ore  we  find  is  in  the  Animike  and  near  the  bottom 
•of  those  beds.  It  is  not  magnetic,  so  far  as  seen  here,  but  limonitic 
through  change,  though  probably  hematite  (with  more  or  less  mag- 
netite) at  first.  The  rock  with  which  it  is  connected  is  quartzyte, 
even  pebbly  quartzyte — or  a  rusty,  pebbly  conglomerate.     It  lies 
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about  three-fourths  of  a  mile  from  the  lake  and  strikes  east  and  west. 
Portions  of  the  rock  are  flinty  and  jaspery.  We  passed  a  low  ridge 
(not  more  than  five  feet  high)  in  the  midst  of  the  forested  country, 
and  had  no  favorable  opportunity  here  to  observe  this  ore  (312,  1294, 
1295). 

2.  This  formation  (the  Animike)  is  not  seen  here  in  exact  super- 
position on  the  Eewatin,  but  all  the  facts  seen  warrant  the  conclu- 
sion that  has  before  been  announced,  that  the  two  formations  are 
discordant/  It  is  probable  that  the  pebbly  conglomerate,  which  is^ 
in  some  places  rather  a  breccia  thin  a  conglomerate,  separates  them. 

3.  But  a  short  distance  further  north  the  Kewatin  appears,  dipping- 
south  at  an  angle  of  about  80  degrees.  It  is  made  up  of,  (1),  schist 
somewhat  siliceous,  but  with  a  silvery  sericitic  element  running 
all  through  it,  1296;  (2)  a  coarse  sericitic  porphyry  like  No.  1281, 
1297;  (3)  soft  chloritic  schist,  1298.  These  are  all  interbedded,  and 
belong  to  the  same  system  of  stratification,  although  it  is  very  proba- 
ble that  the  greenish  schist  above  called  chloritic,  is  originally  of 
eruptive  origin  among  the  Kewatin  sediments.  This  is  seen  in  some 
places  in  lenticular  beds,  and  embraces  chemical  quartz  veins.  Gen- 
erally, however,  it  runs  great  distances  nearly  or  quite  coincident  with 
the  bedding  and  strike  of  the  other  strata. 

4.  About  a  quarter  of  a  mile  further  north  a  great  change  takes 
place.  The  bedded  Kewatin  is  confused  and  twisted,  and  though  still 
showing  the  same  rocks,  is  largely  replaced  by  a  micaceous  and  horn- 
blendic  rock  (1299, 1300)  which  itself  appears  also  like  a  part  of  thc 
conformable  sedimentation.  It  is  comparable  to  the  micaceo-horn- 
blendic  portion  of  the  Kewatin  which  in  the  report  of  last  year  was 
designated  Vermilion  group.t  It  lien  on  all  sides  of  all  the  above 
varieties  of  the  Kewatin  proper,  and  also  embraces  some  black  hard- 
ened argillyte.  In  this  dark-green  belt  the  included  "porphyry  "  is 
more  nearly  all  crystalline.  At  a  short  distance  further  north  the 
change  to  gneiss  (1301)  is  complete,  or  so  nearly  complete  that  there 
api>ear  in  it  only  a  few  blackish -green,  stretched  or  pressed,  boulders 
and  rarely  a  nearly  white-weathering,  highly  siliceous  fine-grained 
S3'enitic  band,  running  east  and  west,  uniform  in  direction  with  the 
general  strike  of  all  the  rocks.  Even  in  this  gneiss  the  same  *'  por- 
ph3*ritic**  distribution  of  quartz  and  feldspar  is  observed.  The  feld- 
spar weathers  out  in  sub-angular  grains  on  the  surface,  and  all  the 
minerals  have  an  elongation  east  and   west.     This  syenite-gnciss^ 

*  The  Nintb  Anuobl  Report,  p.  6*2. 
) Fifteenth  inniul  report,  p.  4. 
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varies,  through  change  in  the  hornblende,  to  granitic-gneiss  and 
•chlorite-gneiss.     At  the  point  reached  farthest  north  it  is  micaceous. 

5.  We  thus  have  a  conformable  transition  from  the  Kewatin 
•changed  graywackes  and  argillytes  to  the  gneiss  and  syenite  of  the 
Laurentian,  without  any  sign  of  eruptive  origin  of  the  latter,  the 
whole  maintaining  a  dip  and  strike  in  the  same  direction,  the  former 
being  about  80°  from  the  horizon  and  the  latter  about  east  and  west. 

A  trap  dike  (1303)  cuts  these  beds,  running  from  the  syenite  south, 
and  passing  through  the  Vermilion  group,  or  the  mica-hornblende 
belt.  It  is  24  feet  wide.  The  advent  of  this  rock  is  much  more 
recent,  and  it  maintains  a  massive,  undecayed  internal  constitution. 

Making  a  closer  inspection  of  the  rocks  of  the  Vermilion  group  at 
this  point,  they  are  found  to  extend  north  and  south  about  fifteen 
rods.  There  is  certainly  a  conformable  transition  from  the  Eewatin 
to  this^  which  is  chiefly  mica  schist,  at  least  superficially.  At  some 
-depth  within  the  rock  perhaps  there  would  be  found  a  greater  propor- 
tion of  hornblende,  since  it  seems  that  the  mica  results  from  the 
natural  decay  of  the  hornblende.  The  inter-bedded,  light-colored 
rock  is  the  gray  ''  porphyritic  "  rock  of  the  lake  shore,  but  has  some 
mica  scales.  It  acts  here  much  like  the  so-called  ''dikes"  of  gneiss  that 
xire  interstratified  with  the  Vermilion  group  or  mica  schists  north  of 
Vermilion  lake.  It  fades  out  by  very  slow  transitions  into  the  mica 
schist,  and  it  also  is  replaced  abruptly  by  it.  It  runs  to  needle- 
shaped  points  and  vanishes  conformably  in  the  darker  rock.  If  it  is, 
hence,  eruptive,  then  this  porphyritic  rock  everywhere  is  eruptive, 
and  also  the  schist  into  which  it  graduates  at  the  lake  shore.  Rock 
No.  1304  shows  a  blending  of  the  characters  of  the  mica  schist  with 
those  of  the  rock  that  shows  the  porphyritic  characters.  The  belt 
from  which  this  came  is  about  ten  inches  wide,  and  such  are  numerous 
in  the  schists.  Indeed  there  can  be  seen  almost  every  kind  of  transi- 
tion and  every  direction  of  gradation  between  the  schist,  the  horn- 
blendic  rock  and  the  porphyritic  and  gneissic  rock.  They  all  occur 
as  strings  and  as  isolated  portions  in  each  of  the  others.  There  are 
belts  of  coarsely  hornblendic  rock  that  alternate  several  times  in  the 
mica  schist,  conformably  with  the  strike,  but  the  former  are  confused, 
lumpy  and  uncertain.  They  may  have  been  basic  eruptives  in  the 
sediments  of  the  Eewatin  at  the  time  of  their  accumulation,  and  so 
spread  out  as  sheets  approximately  conformable  to  the  sediments. 

The  section  foregoing  was  made  on  the  town  line  extended  north 
from  the  ^outh  side  of  the  lake  between  towns  65-1  and  65-2,  W. 

At  the  east  end  of  Gunflint  lake  Capt.  Sedgwick,  of  Chicago,  is 
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having  sarveyed  out  a  long  tract  of  land  on  the  north  side  of  Gun- 
:flint  lake.  It  is  four  or  five  miles  long,  and  from  a  half  mile  to  a  mile 
in  width,  and  is  said  to  be  done  on  ^account  of  the  prospects  of  iron 
ore  on  the  north  shore  of  the  lake.  Not  far  west  of  the  sand-beach, 
which  is  at  the  east  end  of  the  lake,  but  on  the  north  shore,  the  Ani- 
mike  rises  up  from  below  the  water,  and  from  below  a  thin  sheet  of 
trap,  and  is  exposed  about  2i  feet  above  the  water.  It  evidently  was 
once  covered  entirely  by  gabbro,  since  that  rock  is  seen  immediately 
overlying,  at  the  same  place.  Here  is  an  interesting  exhibition  of  the 
j2^ray  rock,  so  much  resembling  some  gray  quartzyte,  of  which  men- 
tion has  been  made  in  earlier  reports.  It  is  very  fine-grained,  but 
while  it  embraces  quartz  it  also  contains  a  considerable  percentage  of 
feldspar,  or  feldspathic  material;  but  the  most  of  the  two  feet  seen  is 
blotched  and  variously  stained  gray  and  rusty.  A  film  of  fine  rusty 
rock  coats  over  much  of  the  gray  rock,  such  as  has  been  the  cause  of 
much  perplexity  as  to  its  origin  and  manner  of  formation  ever  since 
it  was  first  seen  in  187d.*  There  seems  to  be,  however,  a  natural 
chemical  round  of  changes  which  gives  origin  to  this  film,  the  initial 
point  being  the  existence  of  carbon  in  the  slates  of  the  Animike. 
These  gray  layers  are  associated  with  thin  carbonaceous  slates.  The 
two  make  the  bulk  of  the  Animike  beds. 

Given  a  black,  shaly  or  carbonaceous  rock. 

Exposed  to  the  air  the  carbon  is  oxidized  and  slowly  forms  carbonic 
acid. 

This  carbonic  acid  at  once  combines  with  some  base,  whatever  may 
be  present,  or  any  oxide,  such  as  magnetite  (which  is  found  present  in 
the  Animike  here),  making  a  carbonate.  In  case  iron  is  present  it 
forms  siderite  which  has  also  been  found  in  these  beds  in  noticeable 
quantities.  This  carbonate  may  be  deposited  in  pre-existing  cavities 
and  veins,  under  the  guidance  of  percolating  water,  or  it  may  be  sub- 
stituted, particle  for  particle,  for  magnetite  in  the  body  of  the  rock, 
and  thus  be  found  to  permeate  the  formation  in  somewhat  the  same 
manifer  that  the  oxide  does  now. 

This  carbonate  of  iron  is  unstable,  and  immediately  suffers  the 
further  attack  of  oxygen,  making  a  quick  transition  to  peroxide  of 
iron,  and  even  to  hydrated  peroxide.  Hematite  and  limonite  would  be 
the  next  step,  and  the  last,  these  being  perfectly  stable  except  under 
the  operation  of  mechanical  forces,  or  in  the  presence  of  some  other 
acid.  The  carbonated  state  is  least  observable,  both  as  to  the  time  it 
requires  and  the  space  its  product  occupies.    Indeed  the  transition 

*  Ninth  lepirt;  p.  S8. 
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may  be  so  rapid  that  the  carbonated  stage  is  invisible,  and  the  carbon 
of  the  shales  itself  may  appear  to  act  directly  on  the  magnetite  con* 
yerting  it  to  the  hydrated  limonite. 

There  are  three  stages,  and  they  are  all  visible  at  numerous  places,, 
and  sometimes  in  the  same  bed  of  the  Animike. 

The  first  stage  is  black  and  carbonaceous  (see  Nos.  299,  1263  and 
1305). 

The  second  stage  is  gray;  sometimes  it  effervesces  freely.  It  i» 
compact  and  fine  in  grain  and  generally  brittle.  (See  Nos.  312,  and 
1306,  1307  and  1310). 

The  third  stage  is  rusty  red  with  limonite.  (See  Nos.  312,  437,, 
1307). 

This  progressive  change  seems  to  take  place  in  the  slates,  where 
there  is  probably  some  magnetite  which  partakes  in  the  formation  of 
a  carbonate.  Thus  by  the  aid  of  carbonic  acid  magnetite  is  converted 
to  hematite  and  limonite,  and  this  may  have  affected  large  bodies  of 
ore. 

Iron  sand  appears  on  the  beach  at  the  east  end  of  Gunflint  lake.. 


Fig.  10. 

The  above  sketch  (fig.  10)  illustrates  an  outcrop  on  the  north  side 
of  Gunflint  lake,  near  the  lake  shore,  about  ou  sec.  13  (if  the  United 
States  system  of  survey  were  extended  to  the  Canadian  shore),  at  the 
east  side  of  a  little  bay  which  has  a  sandy  beach.  Here  is  one  of  the 
iron  localities  of  the  Sedgwick  location.  The  ore  here  is  apparently 
of  very  variable  quality,  some  of  it  being  a  high  grade  magnetite 
(1308),  but  so  far  as  seen  in  limited  quantities.  It  is  associated  with 
the  flinty  schist  of  the  Animike,  and  with  a  rock  (1309)  whibh  re- 
sembles the  olivinitic  ore  seen  last  year  on  the  north  shore  of  Birch 
lake.  Fig.  10  shows  a  mass  of  gabbro  lying  next  north  of  a  hill  of 
Animike  slates,  and  rising  less  high  than  the  slates.  Such  relative 
positions  of  these  two  could  be  repeated  at  various  other  places  about 
Gunflint  lake.  The  gabbro  here  does  not  seem  to  be  interbedded  in. 
the  slates  and  schists,  but  to  lie  on  them  unconformably.  The  top 
of  the  Animike  rocks  seems  to  have  formed  a  zigzag  line,  caused 
either  by  a  series  of  short  faultings,  breaking  the  strata  so  as  to 
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present  perpendicular  cliffs  facing  north/  or  by  erosion.  Over  these 
bluffs  the  gabbro  flowed,  and  covered  the  country.  This  overflow 
seems  to  have  followed  immediately  after  the  deposition  of  the  slates 
of  the  Animike,  and  to  have  been  partly  cotemporary  with  it,  since 
it  is  iuterbedded  with  them  in  some  places. f 

Along  the  N.W.  shores  of  Gunflint  lake  are  great  quantities  of 
Tosty  rock  interbeded  with  flint,  the  two  alternating  in  somewhat 
irregular  and  lenticular  masses  or  sheets.  This  rusty  rock,  some- 
times designated  quartzyte,  is  evidently  the  same  that  is  associated 
fvith  the  ore  at  1308  and  1309,  and  is  a  form  of  the  so-called  '*  musco- 
vado **  rock.  Much  of  this  is  in  loose  fragments,  and  some  of  it  is 
brecciated  and  recemented  by  the  rusty  rock  as  a  matrix.  Compare 
1310,1811. 

Some  modified  forms  of  the  Animike  constitute  the  '*  muscovado  " 
rock,  of  the  report  of  last  year.  This  is  seen  just  west  of  the  "nar- 
rows *'  of  Qunflint  lake  (1313),  where  the  same  rock  is  magnetited. 

The  trap  in  Animikie  bay  graduates  into,  or  alternates  with  gabbro, 
and  also  becomes  coarsely  porphyritic,  the  large  gray  plagioclase  crys- 
tals being  embraced  in  a  medium-grained  mass,  which  last  hasacicular 
<feldspars  ?).  • 

The  iron-bearing  part  of  the  Animikie,  seen  on  the  south  side  of  the 
point  south  of  Black  Fly  bay,  is  a  quartz,  and  flint  and  jasperoid 
schist  (1315).  It  is  very  siliceous,  but  still  associated  with  the  *'mus- 
4$ovado*'  rock.  It  has  a  curious,  fine,  fluidal  or  streamed  structure, 
imd  the  white  silica  is  chalcedonic.  It  is  nearly  horizontal,  or  tilted 
somewhat  in  diverse  directions,  fragmental,  sometimes  pebbly.  It  is 
fine,  sometimes  with  bands  of  red  jaspily te,  and  sometimes  with  con  • 
fliderable  magnetite. 

North  of  this,  as  if  underlying  it,  is  a  bluff  of  slaty  Animike: 
and  across  the  bay  next  north,  is  the  Syenite  range  (1316),  without 
any  Eewatia  intervening.  This  indicates  either  that  the  Eewatin 
ifl  wholly  changed  to  syenite  (Laurentian?)  or  that  the  Eewatin  beds 
seen  so  conspicuous  on  the  lake  shore  a  few  miles  further  east,  ami 
extending  for  half  a  mile  north  of  it,  run  below  the  Animike  as  they 
pans  toward  the  west.  Either  hypothesis  would  demonstrate  the  non- 
-eonformity  of- the  Animike  on  the  Kewatin 

The  syenitie  gneiss  on  the  north  side  of  Black  Fly  bay  (1316)  is  like 
that  seen  north  from  the  Eewatin  and  Vermilion  groups,  on  the  traverRe 
made  northward  from  Gunflint  lake  f  1301).    It  has  here  a  strike  E. 

«  A»  miggwtact  ill  the  seventh  annoty  re|>oit.  p.  15. 

^  Si«.  later,  the  grol  gyofiChub  Inke,  vwert  from  Oniifllnt  lake. 
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S''  S.  and  seems  to  lie  south  from  the  strike  of  the  Yermrlion  rocka.*^ 
It  is  a  very  remarkable  fact,  however,  that  toward  the  north  here 
there  can  be  seen  nothing  of  the  rocks  of  the  Vermilion  group.  There 
is  almost  a  continuous  rock  exposure  along  the  river  leading  toward 
the  north,  and  to  Saganaga  lake,  and  nothing  but  syenite  is  seen.  The 
mica-hornblende  series  is  conspicuous  wherever  it  exists,  and  it  could 
not  cross  this  river  without  its  being  observed.    It  is  necessary  to 
infer,  therefore,  either  that  the  strike  changes  so  a»  to  bring  the  Ver- 
milion belt  in  its  westward  extension,  underneath  the  Animike  at 
some  point  between  the  narrows  and  the  place  of  making  the  traverse 
already  described,  or  that  the  whole  is  converted  into  syenitic  gneiss, 
with  no  micaceo-hornblendic  stage  preserved.      This  gneiss  is  like 
that  seen  to  come  on  by  a  change  in  the  Eewatin,  already  described. 
It  in  not  perfectly  crystalline,  but  parts  are  left  with  only  an  amor* 
phous  crystallization,  or  the  feldspars  and  quartzes  are  imperfect, 
crowded  and  shapeless,  but  always  elongated  east  and  west,  iir  the 
direction  of  the  strike.    Some  of  the  quartzes  are  an  inch  and  a  half 
long,  but  no  more  than  a  quarter  of  an  inch  wide,  but  generally  they 
are  about  half  an  inch  long  and  an  eighth  inch  wide,  being  rather  len- 
ticular lumps  of  quartz  than  crystals.    Their  forms  stand  out  promi 
nently  on  the  weathered  surface.    The  third  ingredient  of  this  syenitic 
gneiss,  which  seems  to  be  originally  and  generally  hornblende,  be- 
comes chloritic,  hydromicaeous,  or  muscovite,  this  di£Ference  being  due 
probably  to  some  extent  to  an  a  priori  difference  in  the  sediments,  but 
also  largely  to  a  difference  in  the  degree  of  exposure  and  decay.     The 
structure  is  vertical. 

A  striking  fact  in  connection  with  this  gneiss  is  the  enclosure  of 
masses  of  hornblendic  rock,  i.  e.  of  long  and  lenticular  patches  in 
which  the  dark  hornblende  is  much  more  abundant  than  any  other 
mineral.  This  appears  on  the  upper  surfaces  and  on  the  eastward 
facing  bluffs,  showing  they  are  of  short  extent,  the  longest  not  being: 
more  than  eight  feet  east  and  west,  and  the  thickest  not  more  thua 
eight  inches  from  north  to  south.  They  cease  by  running  to  points 
and  thin  edges  and  fading  out.  This  dark  rock  is  the  same  as  the  rock 
in  the  Vermilion  group  as  seen  further  east,  and  it  may  be  the  van* 
ishing  point  of  that  group. 

The  Vermilion  group  at  Gunfiint  lake. — Owing  to  the  importance  of 
the  question — what  becomes  of  the  series  of  dark  schists  (the  VermiK 
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^Aceordlogto  my  brother'a  obferratlon  tlMftrikt  of  the  ftractareof  the  gneia^  at  the  flrtt  Talla  of 
Bnnndarr  river,  abont  \%  mitea  north  of  Gnnflfnt  li»ke,  la  10  deg.  N.  of  S.  (ning).  The  ▼ariatton  Is. 
aappoaed  not  to  eicced  V>  E. 
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ion  group)  in  its  extension  toward  the  ''  narrows  "•  I  sent  back  Mr. 
F.  N.  Stacy,  with  one  man,  to  make  special  search  for  it,  and  for  its 
manner  of  disappearance,  with  directions  to  make  excursions  north 
from  the  north  shore  of  Gunflint  lake  across  the  strike  of  the  rocks 
until  he  found  what  becomes  of  it.  Two  such  excursions  were  made, 
one  nearly  on  the  line  of  extension  north  of  the  line  between  sees. 
t^6  and  27,  and  the  other  nearly  on  the  line  of  separation  between 
sees.  25  and  26,  if  the  same  were  to  be  extended  across  the  lake  into 
the  Canadian  territory.  It  seems  from  the  search  of  Mr.  Stacy  that 
this  series  of  strata  ceases  rather  abruptly  and  is  replaced  by  the 
syenitic  gneiss  of  the  region;  but  what  are  the  facts  of  its  manner  of 
disappearance,  it  is  not  yet  known. 

Following  is  Mr.  Stacy's  account  of  this  search.  The  specimens  he 
obtained,  to  illustrate  his  trip  and  notes  are  numbered  from  1457  to 
1500«  both  inclusiye,  and  are  described  in  the  appended  list  of  rocks- 
collected. 

T?ie  **  Black  BsU  "  of  Ounflint  Lake. 

The  following  is  an  account  of  two  short  inland  excursions  from  the  north  shore 
of  Ganflinc  lake,  Sept.  7,  1887,  by  F.  N.  Stacy  and  Charlos  Sucker.  Two  days 
before,  Sept.  5,  the  geological  party  under  Prof.  N.  EI.  Winchell  had  discovered  a 
conspicuous  "black  belt"  of  micaceous  and  hornblendic  schists  about  three- 
fourths  of  a  mile  north  of  the  lake  on  the  north  and  south  town  line  between  65-3 
and  65-2,  W.  (Am.  Surv.).  The  object  of  the  excursions  of  Sept.  7  was  to  find 
what  had  become  of  this  black  belt  in  its  westward  extension. 

The  first  landing  was  made  just  north  of  '*  Qabbro  "  island,  about  two  miles 
west  of  the  above  mentioned  landing,  Sept.  5.  The  out-cropping  rock  on  the 
shore  at  this  point  was  a  light  gray  slate  of  a  nearly  perpendicular  dip,  and  of  a 
nearly  east  and  west  strike.  Parallel  with  the  lake-shore  for  three-quarters  of  a 
mtle  due  north,  successive  bluffs  of  slates  and  other  perpendicular  schists  of  the 
Kewatin  group,  sometimes  cut  with  igneous  dikes,  were  crossed  at  a  gradual  in- 
crease of  elevation.  Until  at  a  distance  of  nearly  a  mile  from  the  lake,  and  at  an 
elevation  of  about  200  feet  above  the  lake-level,  the  Kewatin  was  discovered  over- 
capped  with  gabbro.  North  of  this  was  a  steep  decline  into  an  extensive  swamp, 
with  no  further  out-crops  for  half  a  mile  farther  north,  and  the  search  for  the 
black  belt  at  this  point  was  discontinued. 

Failing  to  find  the  black  belt  in  this  first  inland  excursion,  a  second  landing  wa» 
made  about  one  mile  further  east,  and  mid- way  between  the  excursion  just  de» 
scribed  and  that  of  Sept.  5.  At  the  second  landing,  also,  the  Kewatiu  cropped  out 
at  the  shore-line.  But  when  first  met  at  this  point,  the  Kewatin  was  a  *'  porphyrel  ^* 
— ^a  micaceous,  sericitic  schist  with  feldspar  crystals  between  the  laminae.  In  the 
journey  due  north,  next  came  cherty  schist,  then  slate,  followed  by  sericitic  and 
micaceous  schists,  and,  by  graduhl  transition,  the  usual  members  of  the  Kewatin 
group ;  until  at  a  distance  of  about  three-quarters  of  a  mile  from  the  shore  ap- 
peared the  "black  belt'*  of  hrmb'endic  and  micaceous  schists.     Theao  in  turn 
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were  followed  in  the  usual  order  by  the  fpieiBsic  and  syenitic  rocks.  At  a  distance 
of  about  a  mile  and  a  quarter  north  of  the  lake,  and  at  an  eleration  of  about  250 
feet  above  the  lake-level,  was  found  in  the  topmost  bluffs  a  typical  Baganan 
syenite. 

The  "  black  belt  "  as  thus  discovered  appeared  to  be  in  the  direct  strike  of  that 
found  further  east  on  Sept.  5,  but  was  much  broader  in  extent  and  higher.  The 
narrow  beds  of  two  days  before,  lying  in  a  single  bluff,  had  widened  out  into  a 
series  of  parallel  bluffs  from  one  hundred  to  two  hundred  feet  elevation  above  the 
lake-level.  These  bluffs  of  varying  micaceous  and  hornblendic  schists  rose  ia 
successive  parallel  terraces  for  over  a  quarter  of  a  mile  north  of  where  first  discov- 
ered, until  finally  merged  into  the  syenite  which  formed  the  broad-backed  summit. 
In  its  extension  a  half  mile  westward  the  ridges  of  the  belt  appeared  to  be  cut  off 
by  low  and  swampy  ground. 

In  tEe  absence  of  definite  information  as  to  the  disappearance  of 
this  ''black  belt/'  Mr.  U.  S.  Grant  was  directed  in  July,  1888,  to 
make  further  search,  on  the  occasion  of  a  visit  to  that  region.  His 
report  is  not  rendered  yet,  but  in  a  letter  from  the  field  he  states  that 
he  traced  it  westward  to  within  200  feet  of  a  range  of  syenite  hills 
from  which  it  was  separated  by  a  swamp,  and  the  manner  of  contact 
could  not  be  observed. 

Further  west,  as  will  be  stated  more  fully  later,  on  the  west  side  of 
the  ''  narrows/'  this  belt  of  mica-hornblendic  rocks  appears  again  and 
constitutes  an  important  member  of  the  series  of  the  region. 

As  to  any  unconformity  between  the  so-called  ''crystalline  schists" 
and  the  Eewatin  graywacke  and  the  associated  porphyroidal  rocks, 
nothing  is  seen  of  it  about  Qunflint  lake.  On  the  contrary  all  that  is 
visible  indicates  a  conformable  transition,  by  gradually  changing  pro- 
portions of  minerals,  aggregated  in  beds  that  are  everywhere  con- 
formable, from  the  Eewatin  to  the  Vermilion  group.  It  is  true, 
however,  that  the  appearance  of  distinctly  micaceous  and  distinctly 
hornblendic  beds,  is  different  from  anything  seen  in  the  other 
portions  of  Mr.  Lawson's  Kewatin.*  But  with  this  appearance  con- 
tinue the  same  kinds  of  beds  as  in  the  graywacke  belt,  alternating 
with  these  micaceous  and  hornblendic  beds.  But  when  these  darker 
constituents  appear  there  seems  to  be  a  more  complete  crystallization 
of  all  the  partSy  the  porphyritic  laminations  approaching  nearer  to 
•crystalline  gneiss,  and  being  less  sericitic.  There  is  here  a  progressive 
crystallization  from  the  graywacke  and  sericitic  schist,  through  the 
schists  of  the  Vermilion  to  the  gneiss  of  the  Laurentian;  there  seems 

*  It  should  be  reiiienib«r«<!  that  Mr.  Lawsf^nV  definition  of  Kewatin  makea  that  gronp  embmce  the 
Vermilion  gnap;  bui  frer.aoDtly  In  thU  report  the  lerre  Kewatin  h  osed  In  a  reatrlcteU  aente bf 
o:nitili.f  the  *'  tluck  belt,'*  and  the  term  Vermilion  It  applied  di«i  nctiveljr  to  the  ''black  belt.'* 
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to  be  no  more  reason  to  place  the  Vermilion  group  with  the  Lauren- 
tian  there  is  to  place  it  with  the  Eewatin. 

While  there  is  this  gradual  transition,  so  far  as  can  be  seen,  from 
the  gray  wackes  into  the  Laurentian,  there  is  yet  reason  to  exempt  the 
greater  part  of  the  Vermilion  group  from  the  ordinary  sedimentary 
methods  of  accumulation  of  clastic  rock.  It  appears  to  have  been 
introduced  in  some  places  and  not  in  others.  Its  composition  will 
allow  of  its  haying  been  of  eruptive  origin  among  the  sediments  of 
Eewatin  time,  in  some  such  manner  as  the  eruptive  beds  are  seen  in- 
troduced and  interstratified  with  the  Cupriferous.  Indeed  it  is 
believed  now  to  have  marked  one  of  the  early,  if  not  the  earliest^ 
general  outpourings  of  basic  eruptive  rock.  It  was  embraced  into 
the  strata  of  the  then  forming  crust,  and  was  disposed  with  general 
conformability  between  the  underlying,  older,  sediments,  and  the 
later  graywacke  belt.  It  has  suffered  the  upheavals  and  pressures 
and  displacements  that  the  other  strata  have  experienced.  It  has 
been  turned  up  edgewise,  like  them,  but  it  has  maintained  its  dis- 
tinctive character  and  its  general  stratigraphic  integrity.  On  the 
side  toward  the  gneiss,  which  would  naturally  be  the  bottom  of  the 
overflow,  the  transition  from  the  Vermilion  group  is  sometimes 
through  a  series  of  fissures,  veinings,  dikes,  and  included  masses, 
indicating  an  epoch  of  disturbance  such  as  would  allow  the  escape  of 
molten  rock,  while  on  the  side  toward  the  Kewatin  graywackes  the 
transition  is  one  that  indicates  a  sedimentary  mingling  and  inter- 
stratification  of  graywacke  debris  with  debris  from  the  eruptive  rock 
last  poured  out.  These  alternations  are  sometimes  very  numerou9> 
but  gradually  the  micaceous  (originally  hornblendic)  element  fades 
out,  and  the  well-known  graywacke  element  only  remains. 

West  from  the  ^*  narrows  "  extends  Animike  bay,  a  spur  from  Gun- 
flint  lake.  Ascending  the  point  north  from  this  on  the  north  side  of 
the  point,  thus  passing  from  the  gneiss  across  the  strike  of  the  Ani- 
mike up  to  the  gabbro  which  forms  the  summit  of  the  point,  an  out- 
crop of  rock  is  encountered  such  as  has  been  seen  frequently  near  the 
contact  of  the  gabbro  on  the  other  rocks,  and  which  has  been  styled^ 
in  some  of  its  aspects,  ''muscovado,"  but  here  it  is  finer,  and  has  a 
siliceous  frame-work  instead  of  siliceous  grains  (1319). 

It  passes  into  a  siliceous  (streamed?)  gray  rock,  evidently  fine- 
bedded  and  not  wholly  siliceous  (1820). 

And  in  immediate  contact  with  these,  sometimes  one  and  sometimes 
the  other,  is  considerable  magnetite  which  probably  here  bec6mes  val- 
uable as  merchantable  ore  (1321).  The  needle  is  wild;  not  much  is 
visible,  but  it  is  in  place,  and  might  be  in  large  quantity. 
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Passing  farther  south,  on  this  point,  I  meet  with  a  great  many  large 
fallen  masses  of  freshly  broken  (not  rounded)  gray,  coarse  quartzyte, 
or  grit  (1322),  evidently  derived  from  some  portion  of  the  bluff  which 
here  rises  about  100  feet  higher  and  faces  toward  the  north. 

At  the  top  of  the  hill  is  gabbro  (1323),  but  in  places  it  is  fine- 
grained. It  is  distinctly  basaltic,  and  in  some  placos  takes  the  form 
of  H  coarse  porphyry  like  1314. 

Sample  1324  is  a  fine  black  slate,  nearly  horizontal,  from  near  con- 
tact with  the  gabbro,  north  of  Animike  bay,  but  slightly  changed.  In 
this  black  slate  one  can  imagine,  from  the  forms  seen  on  the  bedding^ 
surfaces,  that  he  sees  encrinites,  ostracoids,  climactichnites,  fucoids, 
and  mammillated  or  finely  pitted  surfaces  that  recall  the  rough  plates 
of  some  large  fishy  reptiles.  But  so  far  as  I  can  see  these  shapes  are 
all  of  mechanical  origin.  They  do  not  seem  to  warrant  the  unquali- 
fied statement  of  organic  remains  in  this  rock.  Still  it  is  very  proba- 
ble, judging  from  their  carbonaceous  composition,  their  finely  slaty 
sedimentation,  and  the  preservation  of  fine  ripple-marks  (1385),  that 
life  existed,  probably  animal  life,  at  the  time  of  the  gathering  of  these 
sediments,  and  that  real  organic  remains  will  be  discovered  in  them 
sooner  or  later. 

At  Iron  lake,  at  the  old  Mayhew  location,  1287  represents  the  so- 
called  changed  quartzyte,  on  which  the  gabbro  lies  unconformably. 
This  now  seems  to  be  the  ''  muscovado"  of  last  year.  The  gabbro  is 
unmistakably  on  it  unconformably.  1S91  is  a  specimen  of  the  iron 
ore  at  Iron  lake. 

Rock  No.  1293  is  from  a  boulder,  north  shore  of  Iron  lake.  The 
interesting  feature  in  this  boulder,  which  was  rounded,  and  evidently 
far  transported  by  drift  agents,  is  that  it  is  made  up  of  boulders. 
Originally  the  mass  measured  3  ft.  by  2^  ft.  by  4  ft.,  and  by  the  / 

action  of  fire  large  slabs  have  been  made  to  drop  off.  Otherwise  no 
samples  could  have  been  obtained  with  any  means  which  we  could 
•control.  This  is  not  only  made  up  of  boulders,  but  it  is  from  the  mica- 
hornblende  schist  or  Vermilion  group,  and  shows  that  conglomerates 
there  have  been  converted  into  crystalline  rock.  The  small  boulders 
are  of  greenstone,  mica  schist  and  changed  greenstone.  The  matrix 
is  granulyte  or  granite.  Later  the  Vermilion  group  rocks  have  been 
Been  and  described  as  conglomeritic  by  H.  V.  Winchell,  just  east  of 
the  entrance  to  Black  bay  on  Rainy  lake.  (See  his  report  in  this 
volume.) 

The  conglomeritic  structure  has  therefore  now  been  seen  in  the 
following  crystalline  rocks  in  Minnesota: 
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1.  The  Sauk  Rapids  *'  granite." 

2.  The  porphyritic  conglomerate  at  Ogishke  Muncie  lake,  and  the 
similar  gneiss  in  Kekekebic  lake. 

3.  In  the  Stuntz  island  porodyte. 

4.  In  the  greenstone  of  Twin  mountain. 

5.  My  brother  reports  it  conspicuous  in  the  Saganaga  granite. 

6.  This  boulder  shows  it  in  the  Vermilion  group.  (Since  this 
observation  was  recorded,  an  examination  has  been  made  of  the 
gneiss  t^uarries  at  Morton  and  Redwood  Falls,  in  the  Minnesota 
▼alley,  where  this  structure  is  very  common  and  conspicuous.  This 
gneiss  is  certainly  in  the  south  west  ward  extension  of  the  Vermilion 
group  of  the  northern  part  of  the  state.) 

7.  In  the  ''  Laurentian"  syenite  in  Michigan,  south  of  the  Aurora 
mine. 

ACBOBS  THE  OOUNTBY  PROM  GUKFLIKT  LAKE  TO  OGISHKE  KUKOIE. 

In  the  report  for  1881,  p.  95,  in  reporting  the  observations  made  in 
the  region  of  Gunflint  lake  in  1878,  some  reasons  are  given  for  con- 
sidering the  "  quartzyte-slate  formation"  seen  at  Gunflint  lake  (the 
Aniraike)  in  horizontal  position,  the  equivalent  of  the  great  quartzyte 
and  slate  formation  at  Ogishke  Muncie  lake  which  passes  into  the 
Ogishke  conglomerate.  But  the  matter  was  not  settled,  and  has  been 
«ver  since  an  element  of  uncertainty  which  has  entered  into  every 
attempt  to  establish  a  systematic  stratigraphy  for  the  oldest  rocks  of 
the  state.  At  that  time  the  tilted  schists  and  graywackes  of  the 
Kewatin  series,  with  their  contained  iron  ore,  were  considered  an 
integral  part  of  the  same  tilted  series  as  the  slates  and  quartzytes 
associated  conformably  with  the  Ogishke  conglomerate;  and  the  iron 
ore  of  the  jasper  ridges  at  Vermilion  lake  were  considered  the  equiva- 
lent of  the  iron  ore  seen  in  the  Animike.  This  is  the  view  that  was 
adopted  and  subsequently  urged  by  Prof.  R.  D.  Irving.  But  since 
the  separation  of  the  Animike  from  the  Eewatin  has  been  establir^hed 
by  marked  unconformities,  and  by  constant  differences  in  lith* 
ology  (including  a  constant  difference  in  the  kind  of  iron  ore 
associated,  and  their  respective  mineral  accompaniments),  it  remained 
still  to  answer  the  question — To  which  series,  the  Animike  or  the 
Kewatin,  does  the  quartzyte-slate-conglomerate  of  Ogishke  Mnncie 
lake  belong?  The  report  of  last  year  (the  15th)  leaves  this  question 
onanswered,  although  stating  (p.  881)  on  the  authority  of  some 
general  parallelizations,  that  ^Uhe  Ogishke  conglomerate  is  allied 
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closely  with  the  Auimike.    It  contains  numerous  greenstone  boulder»^ 
and  perhaps  represents  its  basal  portions.** . 

In  order  to  trace  the  strata  from  Gunflint  lake  westward  a  trip  wa» 
planned  through  the  country,  leaving  the  Boundary  waters  at  the 
west  end  of  Gunflint  lake,  and  reaching  Ogishke  Muncie  lake  by  way 
of  Gabemichigama  lake  and  Fox  lake. 

Going  west  on  the  section  line  between  sees.  24  and  18,  65-4  W.  to 
the  N.  W.  cor.  of  sec.  28,  thence  south,  and  a  little  east,  a  recent  iron- 
working  is  found.  Here  is  a  low,  northward-facing  Animike  blu£F, 
not  exceeding  18  feet  in  hight,  the  strata  dipping  southeastwardlty 
about  12  degrees,  made  up  of  ore  on  the  top  (1825  and  1826;  about  & 
feet,  and  of  alternating  gray  grit  and  sandstone,  with  some  ore  and 
chert,  below  (1827).  This  ore  and  the  rock  associated,  resemble  those 
of  the  north  side  of  Gunflint  lake,  as  well  as  those  seen  in  the  Mesabi 
range  and  reported  on  by  Prof.  Chester  (11th  annual  report).  It  ia 
but  little  south  of  the  gneiss  range  (the  Giants*  range)  in  all  three 
places,  and  appertains  to  the  same  stratigraphic  plane,  t.  e  ,  near  the 
bottom  of  the  Animike.  No  gabbro  is  visible  here;  the  general  slope 
is  toward  the  south.  This  iron  has  been  uncovered  by  exploring  par* 
ties  at  several  other  points  further  east. 

A  little  south  from  the  face  of  the  bluff  a  shaft  has  been  sunk  into 
this  rock.  It  passed  through  the  ore-belt,  into  the  grit-stone  and 
chert,  and  struck  gneiss  within  ten  feet  from  the  surface.  This  gneiss 
is  mainly  gray,  but  some  of  it  is  reddish,  having  orthoclase.  The  shafi 
penetrates  it  about  two  feet.  Between  the  Animike  rocks  and  the 
gneiss  is  a  thin  layer  (one  or  two  inches)  of  yellowish  rotted  earth  and 
rock.  This  ore,  lying  in  a  sheet,  dipping  but  little  tp  the  S.E.,  should 
be  taken  up  by  the  acre.  On  a  forty-acre  tract  there  would  be  many 
tons,  but  it  does  not  go  deep,  like  the  ore  at  Tower,  and  in  that  re- 
spect this  ore  differs  uniformly,  so  far  as  known,  from  that  in  the 
Eewatin  rocks.  This  location  was  discovered  by  Henry  Mayhew,  and 
the  working  has  been  prosecuted  by  Messrs.  Paulson,  Barker,  Boyde» 
and  Millar.  Of  this  ore  Mr.  Millar  gave  me  the  following  result  of 
analysis,  made  by  Rattle  and  Nye,  Cleveland. 

Metallic  iron 55.600 

Silica 10.080 

Pboiphorus 0  042 

Manganese ...  4  d4(^ 

Alumina 0.340 

Titanium  none.. 
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This  shows  a  high  grade  ore,  but  very  likely  the  sample  was  selected 
with  reference  to  getting  a  good  result,  and  that  the  five  feet  of  ore 
seen  would  not  average  as  good. 

South  from  the  place  of  this  pit  about  half  a  mile  is  another  range 
of  magnetited  rock,  and  the  amount  of  ore  there  would  be  likely  to  be 
greater  than  at  this  place.  This  ore  is  fine-grained,  compact,  mag- 
netic, indistinctly  banded  and  everyway  similar  to  that  seen  in  Towns 
59  and  60  on  the  Mesabi  range,  and  unquestionably  is  in  the  same  for- 
mation. 

This  unconformable  position  of  the  A.nimike  on  the  gneiss  is  con- 
clusive against  the  idea  of  the  identity  of  the  Animike  with  the 
Eewatin  rocks,  and  also  against  their  conformability,  and  effectually 
establishes  the  distinctness  of  the  Eewatin  from  the  Huronian  of 
Canada,*  the  Huronian  being  the  equivalent  of  the  Animike  and  the 
great  quartzyte  that  overlies  it. 

« 

Further,  the  existence  of  this  gneiss,  which  is  the  same  as  seen  in 
the  Giants'  range  just  north  of  this  point,  at  places  so  far  south,  in 
line  of  the  strike  of  the  Eewatin  beds  that  have  been  described  on 
the  north  side  of  Gnnflint  lake,  indicates  some  change  in  the  Ee- 
watin, introducing  an  irregularity  in  the  line  of  strike.  It  is 
possible,  indeed  it  seems  probable,  in  the  light  of  facts  which  have 
been  mentioned  showing  the  variableness  of  the  lithology  of  the 
Eewatin  toward  the  greater  crystallization  of  the  adjoining  gneiss, 
that  there  is  an  encroachment  of  the  gneissic  characters  upon  the 
schistose,  and  that  the  Eewatin  beds  seen  north  of  Gunflint  lake  are 
changed  by  intensified  metamorphism  to  the  gneiss  that  here  exists  in 
the  line  of  strike  from  there.  In  thi.s  gneiss  occur  isolated  masses  of 
a  darker  homblendic  rock  similar  to  those  masses  already  described 
north  of  Black  Fly  bay.  A  great  east  and  west  dike  of  greenstone 
seems  to  cut  this  gneiss  just  north  of  this  working,  but  it  makes  only 
one  or  two  slight  exposures,  so  far  as  seen  on  section  23. 

But  following  the  trail  that  runs  west  along  the  north  side  of  sec. 
22,  this  great  greenstone  dike  becomes  visible  on  the  north  side  of 
the  trail  about  an  eighth  of  a  mile  west  of  the  section  corner.  This 
is  in  65-4.  Rock  1329  is  a  sample  of  this  dike,  seen  on  the  north  side 
of  the  trail.  Large  detached  masses  have  fallen  from  the  cliffs  which 
rise  precipitous  along  the  north  side  of  the  trail.  The  direction  of 
the  dike,  if  so  it  may  be  called,  is  about  15**  south  of  west.    This 

*Th1t  aDCODformity  has  bewt  deaerfbed  bjr  A  Wfncliell  in  Tke  American  Oeologitt,  JanaAry,  1888^ 
p.  tS.  CoiDp«re  alio  the  paper  by  tba  writer  In  the  aame  nomber  of  The  American  OedooUt  (P*  10  on 
tba  eqaWaleati  of  the  origioal  Huronian. 
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sample  is  like  gabbro,  and  does  not  correctly  represent  the  nature  of 
this  greenstone.     See  rather  1330  and  1331, 

The  Giants'  range,  which  is  crossed  by  the  section  line,  rnns  south- 
west at  this  place,  and  where  the  trail  leaves  it  the  descent  seems  to 
be  about  200  feet. 

Again,  a  little  north  of  the  quarter-post  between  sees.  20  and  21, 
65-4,  a  greenstone  display  appears.  It  rises  in  a  vertical  wall  facing 
north,  and  is  crossed  by  the  section  line.  It  is  somewhat  weathered 
to  a  schistose  rock,  sometimes  chloritic,  on  the  exposed  angles,  but 
within  it  is  a  massive,  fine-grained  greenstone.  Rises  45  feet  about 
Tertical. 

Re-examining  this  vertical  cliff,  the  schistose  structure  is  seen  to 
run  W.  15'^  S.  (mag.)  which  is  also  the  general  direction  of  strike  of 
the  rock-mass.  There  is  no  appearance  of  sedimentary  bedding.  It 
may  be  a  revival  of  the  crystalline  schist  belt  seen  on  the  north  side  of 
Ounflint  lake,  which  was  seen  also  to  disappear  rather  abruptly  by 
the  interposition  of  light-colored  gneissic  rocks  of  that  region.  This 
<^ertainly  has  the  aspect  of  much  of  that,  but  it  lacks,  so  far  as  can  be 
seen,  the  sedimentary  banding  which  is  common  in  some  parts  of 
that. 

Traveling  south  from  the  face  of  this  cliff,  about  200  paces,  evi- 
dently all  the  way  over  the  surface  of  the  same  rock,  at  a  low  crest 
where  a  descent  begins  toward  the  south,  the  rock  1332  is  seen,  plainly 
identical  with  1330.  Superficially  it  has  a  schisted  aspect,  but  it  is 
massiye  within.  It  does  not  show  any  sedimentary  bedding — only 
thin  seams  and  veins  reticulating  through  it,  of  lighter  minerals,  in 
which  probably  is  some  quartz.  But  generally  throughout  this  rock 
quartz  cannot  be  distinguished. 

South  from  the  last  is  another  vertical  wall,  about  13  feet  high,  just 
east  from  the  trail -crossing  containing  the  same  greenstone  (1333). 
This  is  after  passing  a  swamp  about  30  rods  across.  This  ridge  de- 
scends abruptly  to  a  low  east-and-west  valley^  after  which  another  of 
the  same  rock  rises  still  higher,  perpendicular,  about  25  feet,  repeat- 
ing the  phenomena  seen  in  the  same  kind  of  rock  last  year  north  of 
the  Eawishiwi  river  (15th  annual  report,  p.  846). 

The  iron  location  on  Chub  lake,  N.  E.  i,  N.  E.  i,  sec.  29,  66-4.  At 
the  northeast  end  of  the  southerly  of  the  two  lakes  (on  the  surveyor's 
plat  wrongly  included  in  one  lake)  is  a  recent  iron  exploration.  This 
working  was  done  by  the  same  parties  as  already  mentioned  in  connec- 
tion with  that  on  sec.  23  in  the  same  township,  and  from  Mr.  Millar 
were  obtained  the  results  of  assays  made  by  Little  and  Nye,  of  Cleve- 
land, as  follows : 
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Met.  ir»n 

Silica 

Ph08. 

Mang 

Alum. 

Titan 

No.  1 

68.40 
64.01 
63  98 

8.22 
9  37 
8  9U 

.036 
.032 
.028 

4.J'2 

5  02 

None. 

.r.2 

.07 

Noittt 

:no.2 

No.  3  (average  of  6  samples) 

None. 
Trace. 

This  ore  is  well  characterized  olivinitic,  magnetic,  granular,  the 
yellowish  waxy  grains  of  olivine  being  mingled  rather  uniformly  with 
the  grains  of  magnetite  (1336).  It  easily  disintegrates  and  in  favor- 
able situations  would  give  origin  to  iron  sand. 

The  greenstone  represented  by  1330  and  1333,  already  described,  ex- 
tends southward  indefinitely,  occupying  a  tract  of  elevated  rough 
country,  timbered  heavily  with  pine  and  spruce,  and  covered  under 
foot  with  northern  mosses.  This  elevated  tract  descends  southwardly 
to  this  iron  location  where  it  is  evident  that  the  geology  has  changed, 
and  the  greenstone  has  given  place  to  the  Animike  carrying  magnetite. 
The  most  southern  identifiable  portion  of  the  greenstone  is  repre- 
sented by  rock  samples  1334.  There  is  then  a  transition,  in  traveling 
south  to  the  iron-location  (what  its  nature  was  could  not  be  ascer- 
tained owing  to  the  vefifetation,  although  the  ground  was  searched  over 
twice),  to  a  rock  represented  by  No.  1335.  But  judging  from  all  that 
could  be  seen  this  rock  lies  upon  the  greenstone.  It  has  some  resem- 
blance to  the  greenstone,  but  is  blotched  alternatingly  with  basic  dark 
and  acidic  light  minerals;  it  is  hence  somewhat  lighter  colored.  It 
has  a  heavy,  bedded  structure  which,  however,  does  not  show  any  ev- 
ident sedimentary  characters,  but  which  is  more  like  that  of  a  mas- 
sively bedded  eruptive,  or  like  that  seen  in  the  gneisses  of  the  Lauren- 
tian.  This  bedded  structure  dips  southward  at  an  angle  of  about  45 
degrees  and  approximately  conformable  with  the  dip  of  the  Animike 
rocks  carrying  the  iron  ore,  and  runs  under  the  iron  bearing  beds. 
The  exact  manner  of  contact  was  not  seen.  This  rock  has  not  the 
free  and  completely  crystalline  characters  which  indicate  an  original 
eruptive  or  a  completely  re-fused  sedimentary  rock.  It  appears  rather 
to  have  been  produced  by  a  metamorphism  in  situ^  of  some  sediments 
which  contained  a  large  amount  of  basic  material,  this  change  having 
taken  place  by  hydro-thermal  fusion  when  the  sediments  were  yet 
deeply  buried  in  the  super-crust.  Such  a  rock,  so  far  as  known,  has 
not  been  seen  before  in  Minnesota.  Its  geology  should  be  further  ex* 
amined  into  before  any  positive  statements  can  be  made  concerning  its 
origin  and  relation  to  the  greenstone  on  which  it  seems  to  lie,  or  to 
the  Animike  quartzyte  under  which  it  seems  to  lie.     It  seems  to  be  no 
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part  of  the  Animike  unless  greatly  modified.  It  is  not  slaty,  nor  flinty, 
nor  evidently  fragmental,  but  crystalline  and  of  a  medium  grain. 
Toward  the  north  from  the  iron-pit  this  rock  rises  in  a  hill  to  about 
175  feet  and  breaks  away  precipitously;  and  another  lake,  elongated 
E.  and  W.,  lies  at  the  foot  of  the  bluff  on  the  north,  north  of  which, 
and  about  which,  greenstone  like  1334  only  appears.  Indeed  the 
greenstone  seems  to  come  out  at  the  top  of  the  hill  on  the  northern 
side,  and  the  specimens  No.  1334  are  from  there. 

At  the  ore-pit  the  working  was  done  by  sledges  and  crow-bars,  ap- 
parently without  any  blasting.    The  excavation  is  only  about  ten  feet 
deep,  and  passes  into  the  layers  near  the  level  of  Chub  lake,  in  a. 
northward  direction,  and  hence  toward  the  underlying  metamorphic 
rock  No.  1836.    But,  what  must  have  been  a  surprise  to  the  explorers, 
and  perhaps  caused  the  stopping  of  the  work,  the  ore  beds  (1336)  are 
found,  at  the  depth  of  about  10  feet,  to  lie  on  loose  sand  and  boulders, 
exactly  like  those  seen  in  the  drift  round  about,  the  boulders  being  of 
gneiss  and  greenstone  (1337).     The  sand  is  clean  and  crumbling,  like 
lake  sand.     Some  of  the  gneiss  boulders  are  a  foot  in  diameter,  and  of 
the  greenstone  at  least  six  inches.    There  is  on  the  top  of  this  sandy 
and  bouldery  layer  a  kind  of  blackish  or  brownish  soil-like  rustiness 
which  probably  results  from  the  rotting  of  the  olivine  in  the  over- 
lying iron  deposit.    So  far  as  seen  the  whole  thickness  is  about  twenty 
inches,  but  its  depth  is  not  shown.    This  gravel  and  sand  was  thought 
at  first  to  be  the  equivalent  of  that  seen  actually  between  the  Animike- 
and  the  gneiss  on  sec.  23,  already  described,  but  on  making  further 
examination  it  was  found  that  it  more  likely  is  a  part  of  the  prevalent 
drift  that  c6vers  the  country.      It  is  necessary  to  suppose,  if  this  hy- 
pothesis be  correct,  that  the  iron-ore  beds  penetrated  by  the  excava- 
tion are  only  the  low  remnant  of  a  cliff  facing  north,  and  that  the 
hill  which  rises  next  north  from  the  cliff,  sloping  southward  under  it, 
presented,  at  the  time  of  the  drift  epoch,  a  sudden  projecting  jog  or 
step  behind  which,  and  below  which,  this  gravel  and  sand  had  accu- 
mulated, filling  the  depression  up  so  as  to  make  the  hillside  appear 
smooth.    All  semblance  of  such  a  jog,  however,  is  lost,  and  its  exist- 
ence is  invoked  in  order  to  explain  the  anomalous  position  of  the  sand 
and  gravel. 

The  geology  of  these  iron-bearing  strata  is  quite  interesting,  as  it 
reveals  some  new  points  respecting  the  Animike,  and  may  be  con- 
densed as  follows : 

1.  The  beds  are  a  part  of  the  Animike,  and  dip  south  about  30^. 
They  contain  a  considerable  amount  of  grit.    This  grit  is  like  that 
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seen  disseminated  in  the  Animike  at  Gunflint  lake.     It  is  largely 
quartz,  but  is  mingled  with  olivine  and  magnetite. 

2.  The  iron-bearing  rock  passes  into  a  gray  quartzyte  like  that  seen 
north  of  Animike  bay  (1322). 

3.  North  of  this  working  is  a  great  thickness  of  some  changed  sed- 
imentary rock  (as  supposed)  on  which  the  Animike  seems  to  lie,  the 
hill  rising  175  feet  above  Chub  lake  (1335).  This  changed  sedimen- 
tary rock  resembles  somewhat  that  seen  at  the  N.  E.  end  of  Gabbe- 
michigama^  lake,  described  on  pp.  379  and  380,  of  the  report  of  last 
year,  and  perhaps  is  the  equivalent  of  some  of  the  so-called  musco- 
vado rock  seen  unconformable  below  the  gabbro. 

4.  It  lies  to  the  south  of  a  great  greenstone  range,  the  same  as  sup- 
posed last  year  to  lie  under  the  Animike,  oTer  which,  by  its  dip, 
reaching  sometimes  45",  it  must  have  passed  if  formerly  extended 
northward. 

5.  The  quartzyte  with  which  the  ore  is  associated  becomes  devel- 
oped, at  about  one-eighth  mile  further  west,  into  a  sharp,  prominent 
ridge,  which  faces  perpendicularly  northward,  the  beds  dipping  48® 
south,  the  quartzyte  itself  and  magnetic  quartz  schist  being  from  140 
to  150  feet  thick,  and  the  associated  olivinitic  ore  beds  being  perhaps 
50  feet  thick.  There  is  one  layer  of  hard  vitreous  quartzyte  (l:-^38), 
very  heavily  bedded,  which  is  at  least  20  feet  thick. 

6.  Inter- bedded  with  this  quartzyte  (1340)  is  a  layer  of  gabbro  (?^, 
near  the  top  of  the  ridge  (1341)  which  varies  from  the  typical  gabbro 
of  the  Mesabi  in  being  fine-grained  and  more  like  some  of  the  musco- 
vado beds.  It  is  also  coarsely  porphyritic  with  a  dark  striated  feld- 
spar, apparently  labradorite.  This  porphyry  recalls  that  seen  at 
Gunflint  lake.  No.  1314.  The  appearance  of  some  of  the  thin  layers 
of  basic  material  seems  to  indicate  that  they  were  immediately 
followed  by  coarse  sediments  of  almost  pure  silica  (1339). 

7.  This  inter-bedding  seems  to  fix  the  age  of  at  least  the  beginning 
of  the  gabbro  overflow,  and  since  the  great  body  of  the  gabbro  over- 
flow is  found  to  cover  the  small  islands  very  near  the  north  shore  of 
Chub  lake,  there  could  not  have  been  much  interval  between  this 
beginning  and  the  great  development. 

8.  This  rock  and  ore  have  a  frequent  jointage  perpendicular  to  the 
dip.  This  causes  it  to  break  under  the  weather  into  cuboidal  small 
blocks,  the  bedding  being  about  four  to  six  inches  thick.  It  also 
gives  the  ore  a  fibrous  structure  under  the  action  of  which  it  is  more 
easily  broken  across  the  sedimentation  than  in  any  other  direction. 
It  is  this  easy  cuboidal  disintegration  that  has  caused  it  to  occupy, 
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at  the  present  time^  the  lower  parts  of  the  country,  rather  than  the 
higher,  the  drift  agents  and  subsequent  drainage  and  erosion  having 
removed  it. 

9.  There  seems  to  be  a  large  amount  of  ore  connected  with  this 
formation  here,  and  it  will  probably  ultimately  prove  valuable. 

10.  This  great  quartzyte,  being  near  the  top  of  the  Animike  (whether 
conformable  on  it  or  unconformable  is  now  unknown),  is  a  new  fea- 
ture in  this  part  of  the  state,  and  is  worthy  of  a  name.  In  the  field 
book  it  was  named  Pewabic  quartzyte,  from  the  Chippewa  word  mean- 
ing iron.  It  apparently  occupies  the  same  horizon  as  the  quartzyte 
at  the  head  of  Wauswaugoning  bay;  which  again  is  supposed  lobe 
the  equivalent  of  the  Tbessalon  and  Otter  Tail  quartzytes  of  the 
original  Hurouian;  which  again,  as  the  reader  will  have  learned  who 
has  followed  this  report,  is  regarded  the  same  as  the  quartzyte  north 
of  the  Adirondacks  in  New  York  which  has  been  named  Potsdam. 

In  passing  from  Charley  lake,  in  sec.  32,  65-4,  to  Flying  Cloud  lake, 
in  sec.  25,  65-5,  there  being  no  regular  route,  we  follow  some  trap- 
pers' and  other  dim  trails.  As  the  plat  is  unreliable  as  to  the  size  and 
shape  of  the  indicated  lakes,  it  is  impossible  to  identify  some  of  them 
along  the  route  we  took.  We  travelled  wholly  on  gabbro,  and  saw 
nothing  of  interest  except  when  passing  westward  along  an  old 
gabbro  valley,  about  S.W.  i  of  sec.  80,  65-4,  in  which  the  gabbro 
walls  rose  on  each  side  nearly  vertical,  though  the  width  of  the  valley 
was  about  one-eighth  mile.  On  the  south  side  as  the  canoe  was  pushed 
through  the  brush  down  a  little  ravine  that  runs  from  one  lake  to 
another,  signs  of  violent  and  copious  flow  of  water — indeed  nothing 
but  a  glacial  river  could  have  formed  the  pot-holes  which  are  sculp- 
tured on  the  gabbro  thirty  or  more  feet  above  the  level  of  the  present 
creek. 

Passing  north  from  Flying  Cloud  lake,  which  is  in  the  southern 
part  of  sec.  25,  65-5,  on  the  east  side  of  the  outlet,  after  passing  a 
short  distance  on  the  usual  gabbro  surface,  a  low  ridge  of  reddish 
gneiss  is  seen  (1342),  near  the  lake  shore,  rising  up  through  the  gab- 
bro. This  gneiss  is  distinctly  layered,  and  dips  N.  SO"*  W.,  at  an  angle 
of  about  30  degrees.  Continuing  this  traverse  northward  toward 
Bingoshick  lake,  gradually  ascending,  near  the  center  of  the  N.  K.  i 
of  the  S.  W.  i  of  sec.  25,  65-5,  the  iron-bearing  rocks  are  met  again 
in  the  appearance  of  the  Pewabic  quartzyte. 

At  first  it  is  not  conspicuously  exposed,  but  is  distinctly  magnetic  and 
granular.  It  dips  55  degrees  towards  the  south,  and  strikes  about 
eaPt  and  west  (E.  8'  N.). 
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A  short  distance  farther  north  these  quartzyte  beds  break  off  toward 
the  north  in  a  vertical  cliff  about  135  feet  high  (1843).  It  dips  south 
as  before,  and  probably  fills  the  whole  interval  between  that  first  ex- 
posure and  this.  The  thickness  of  the  bedding  that  can  be  made  out 
thus  is  about  300  feet,  and  it  may  reach  500,  as  it  can  be  seen  also 
further  north,  and  across  a  swamp  that  next  supervenes.  It  appears 
as  if  at  this  place  most  of  that  quartzyte  seen  at  Chub  lake  in  separate 
ridges  is  gathered  in  one  cliff. 

About  midway  in  the  bluff  is  a  bed  of  porphyritic  gabbro  (? )  about 
8  feet  thick  (1344),  but  in  general  the  cliff  is  made  up  of  quartzyte. 

Before  reaching  the  south  shore  of  Bingoshick  lake  the  same  rock  as 
seen  north  of  the  iron  working  at  Chub  lake  returns  (1345),  but  just  at 
the  lake  is  a  greenstone  (1346),  or  a  dark,  gabbroloid  greenstone.  These 
two  rocks,  1345  and  1346,  seem  to  have  close  and  perhaps  intergrading 
relations;  and  perhaps  cannot  be  separated,  but  No.  1345  seems  to  be 
lighter  colored  and  to  contain  some  free  quartz.  They  are  both  found 
to  the  north  of  the  strike  of  the  Pewabic  quartzyte,  and  from  north 
to  south  the  belt  they  occupy  is  here  half  a  mile  wide.  As  compased 
with  the  schistose  and  micaceous  greenstone  seen  in  the  W.  part  of 
sec.  23,  they  are  more  massive,  more  fresh,  and  more  gabbrolike,  i.  e* 
they  more  nearly  approach  the  rock  that  has  been  denominated  mus- 
covado in  the  fifteenth  report. 

Observed  positions  of  the  Gabbro, 

Gabbro  lies  on  the  Animike  at  many  places. 

Gabbro  lies  on  the  Pewabic  quartzyte  at  Chub  lake,  and  is  inter- 
bedded  with  it.    The  same  is  true  north  of  Flying  Cloud  lake. 
Gabbro  lies  on  the  Eewfitin  north  of  Gunflint  lake. 
Gabbro  lies  on  the  red  syenitic  gneiss  north  of  Flying  Cloud  lake. 

Observed  positions  of  the  Animike. 

The  Animike  lies  on  the  Eewatin  unconformably,  north  of  Gunflint 
lake. 

The  Animike  lies  on  the  gneiss  in  sec.  23,  65-4. 

The  Animike  (Pewabic  quartzyte)  lies  on  the  rock  1335  on  the  north 
side  of  Chub  lake. 

Eelation  of  the  Pewabic  quartzyte  to  the  Animike, 

This  magnetited  quartzyte,  which  apparently  is  near  the  top  of  the 
Animike,  and  lies  on  the  greenstone  belt  represented  by  1345  and 
1346,  seems  to  extend  further  north  than  the  great  mass  of  the  Ani- 
mike rocks.    If  this  relation  be  correctly  made  out,  and  if  the  green- 
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stone  be  older  than  the  Animike,  it  would  be  necessary  to  suppose  the 
quartzyte  was  deposited  during  a  period  of  increasing  submerg^ence. 
Thus  the  older  sediments  would  be  hid  by  the  encroaching  shore-linet 

and  on  upheaval  might  not  appear  at  all  in  their 
Igjj     «  proper  place  between  the  quartzyte  and  the  g^reeo- 

stone.  Not  enough  is  known,  at  this  time,  con- 
cerning the  stratigraphic  position  of  this  quartz- 
yte, and  the  relation  that  rocks  1345-6  may  bear 
to  each  other  and  to  the  greenstone  that  consti- 
tutes Twin  mountain  (see  report  of  last  year,  p. 
373)  to  warrant  any  conclusion  on  the  exact 
statigraphic  position  of  the  quartzyte.  Unless 
i«.<.  n  .  "sk  there  be  a  fault  running  east  and  west  through 

^  the  point  which  is  north  of  Animike  bay,  there 
5  are  some  thin  Animike  elates  separating  the  main 
Jl  gabbro  sheet  from  this  quartzyte — i.  e.  from 
;;^  same  quartzyte  which  is  supposed  to  have  given 
g  origin  to  the  masses  found  on  the  north  side  of 
3    the  point  (1322). 

The  section  represented  in  fig.  11  indicates 
the  succession  of  rucks  passed  over  between  Fly- 
ing Cloud  lake  and  Bingoshick  lake,  sec.  35,  65-5, 
except  that  the  gabbro  area  should  be  lengthened 
out  and  the  quartzyte  diminished.      Probably 
gabbro  occupies  one-half  of  the  whole  distance. 
In  passing  through  Muscovado  lake,  the  large 
lake  in  sec.  86,   65-5,   we  gave  it   that  name 
•<    because  of  the  peculiar  character  of   the  rock 
^   which  forms  all  its  shores.    It  is  represented  by 
1$    No.  1347.    It  is  much  decayed,  and  finely  granu- 
'C   lar,  having  nearly  the  color  of  muscovado  sugar 
Co    which  last  year  suggested  the  term.     This  color 
.    is  assumed  by  decay,  as  is  shown  by  one  of  the 
^   specimens,  the  interior  color  being  gray,  like 
7/     ^  real  gabbro.     This  rock  takes  on  a  conspicuous 
bedded  structure.     It  sometimes  looks   like  a 
fragmental  schist,  the  beds  being  only  one  or 
two  inches  in  thickness,  and  the  schistosity  be- 
ing fine  and  causing  the  cliffs  to  crumble.    In- 
deed, except  that  all  the  rock  here  is  fine-grained, 
this  region  exhibits  the  repetition,  or  extension  of 
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the  phenomena  of  Wilder  lake,  seen  last  year  (ISfch  report^  p.  350), 
*where  there  seems  to  have  been  no  transporting  or  eroding  drift* 
action.  It  is  considerably  higher  than  Bashitanakaeb  lake,  perhaps 
75  feet. 

The  laboradorite  rock  on  the  south  side  of  lake  Bashitanakaeb  is 
represented  by  1348.  It  is  similar  to  the  white-weathering  gabbro  of 
Little  Saganaga  lake. 

There  is  a  notable  difference  in  the  manner  of  decay  between  the 
greenstone  and  the  gabbro,  indicating  some  fundamental  difference  in 
origin  and  history.  The  former  makes  a  chlorite,  fissile  schist  and 
disintegrates  (1349).  The  latter  becomes  schistose,  but  not  chloritic. 
It  crumbles  to  pieces  as  its  constituent  grains  are  loosened  and  they 
separately  decay,  making  gravelly  soils  in  many  places  which  sustain 
the  forests. 

About  Bashitauakueb  lake  are  a  few  foreign  ^boulders  of  gneiss, 
and  others  are  on  the  portage  northward  to  Kakego  lake. 

GABEMIOHIGAHA  LAKE. — THE  ANIHIKE. 

In  passing  again  round  the  point  in  Gabemichigama  lake  (sec.  82, 
45-5),  which  is  illustrated  in  last  year's  report  (p.  380),  an  opportunity 
was  offered  to  compare  some  of  the  outcrops  on  the  north  side  with 
some  of  those  seen  further  east,  and  particularly  with  those  at  Chub 
lake.  From  this  re-ezamination  the  conclusion  was  reached  that  the 
beds  seen  in  the  point  are  probably  changed  Animike.  Much  of  this 
rock  is  fine-grained,  and  siliceous,  and  some  of  it  is  plainly  frag- 
mental,  though  now  it  is  mainly  crystalline.  In  its  general  aspect  it 
▼ery  much  resembles  the  rock  1347,  and  may  be  the  same.  In  some  of 
the  fresher  parts  (1350)  it  shows  an  apparent  alliance  with  rock  No. 
1345, — that  on  which  the  Pewabic  quartzyte  lies.  At  least,  that  it 
cannot  belong  to  the  vertical  slates  (or  the  Kewatin)  is  very  plain.  It 
is  not  magnetited,  but  it  is  tilted  and  broken,  and  was  probably  once 
covered  by  gabbro  which  exists  in  abundance  but  little  further  east, 
and  rises  in  the  hills  that  form  the  main  shore  of  this  part  of  the 
lake. 

Still  further  toward  the  N.  £.,  on  the  S.  W.  i  of  sec  29,  65-5,  just 
across  the  section  line,  is  a  vertical  cliff,  facing  the  lake,  about  14 
feet  high.  The  evident  sedimentary  bedding  dips  at  an  angle  of  45'' 
toward  the  E.  40"^  N.  This  is  distinctly  sedimentary,  because  frag- 
mental,  banded  and  tilted  like  a  sedimentary  rock.  It  is  very  fine- 
grained generally  (1351),  and  argillaceous,  but  on  some  of  its  weath- 
12 
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ered  surfaces  it  has  a  light  rusty  coating  about  a  quarter  of  an  incb 
thick,  covering  the  pale  bhie  within,  as  if  it  were  some  of  the  Ani- 
mike  changed  by  the  process  noted  at  Gunfiiut  lake,  and  further^ 
hardened  and  consolidated  by  the  metamorphism  du€  to  upheayal 
and  igneous  contact.  Rocks  1352,  1353  and  1354  are  more  coarsely 
fragmental  portions  of  the  same,  1353  being  a  gray  grit,  mainly  feld- 
spathic,  but  with  evident  grains  of  pure  quartz«  Near  the  lake  level 
this  rock  is  immediately  overlain  by  a  small  mass  of  gabbro  in  place. 

Going  still  further  east,  and  northeast,  about  half  a  mile  (in  sec* 
29,  65-5),  the  gabbro  appears  in  the  highland  extending  north  nearly 
as  far  as  the  north  end  of  the  lake^  but  near  the  lake  a  bold 
bluff  of  hardened  and  tilted  Animike,  dipping  as  stated  toward  the 
east,  runs  northward.  This  varies  from  grit  to  blue-black,  siliceous* 
rock  (in  some  of  my  earlier  reports  designated  gray  quartzyte^,  and  i» 
fractured  and  twisted  so  as  to  cause  a  curious  mingling  of  fine  and 
coarse-grained  rock.  This  extends  as  far  as  I  went  north.  This  condi- 
tion (except  the  much  broken  stratification)  and  this  rock,  can  easily 
be  recognized  as  a  part  of  the  Animike,  and  this  observation  confirms 
the  doubtful  inference  of  last  year.  I  did  not  follow  it  far  enough 
northward  to  reach  the  belt  of  greenstone  which  supervenes  but  a 
short  distance  further  north.  This  rock  differs  from  the  Kewatin  ia 
these  respects:  It  does  not  show  any  vertical  cleavage  and  slatiness,  bui 
is  slaty,  where  not  too  much  altered,  in  a  direction  coincident  to  the 
sedimentary  seructure  (1355);  it  dips  in  massive  beds  (resulting  prob* 
ably  from  a  consolidation  of  the  original  Animike  slates),  and  in  some 
thinner,  more  coarsely  gritty,  in  a  direction  different  from  anythini^ 
seen  in  the  Eewatin;  it  lies  to  the  south  of  the  great  greenstone  belt; 
it  continually  changes  its  dip  and  strike,  and  it  seems  to  have  an  in- 
sensible gradation  toward  the  so-called  muscovado  rock,  which  itself 
is  both  in  massive  beds  and  in  thin  ones,  and  is  even  seen  to  be  a  pari 
of  the  stratification  in  the  Pewabic  quartzyte,  with  which  the  mag- 
netic iron  ores  are  connected. 

The  hills  about  the  N.  £  extremity  of  Oabemichigama  lake  con- 
sist entirely  of  the  Animike,  fine-grained,  tilted,  fractured,  re* 
cemented,  but  in  general  dipping  northeasterly.  At  the  lake  shore 
these  beds  weather  out  very  rough,  the  siliceous  veins  and  the  harder 
beds  projecting  In  some  places  they  are  about  vertical,  but  they  vary 
constantly  in  dip  and  strike. 

In  passing  along  the  north  shore  westward,  however,  N.  E.  i  of  sec. 
31,  65-5,  this  rock  becomes  slaty  and  vertical,  and  striken  N.  W.  by 
compass  (1355).    Ik  is  bedded  with  rocks  like  1363  and  1354. 


STATE    GEOLOGIST.  91 

All  along  the  N.  shore  from  the  N.  E.  end  of  the  lake  to  about  the 
center  of  N.  E.  i  of  sec.  31, 65*5,  these  tilted  slates  and  quartzytes  ex- 
tend, haying  a  high  dip  toward  the  N.  E.,  and  finally  becoming 
vertical.  The  shore  line  runs  across  the  strike,  but  not  at  a  right 
angle.  Hence  in  going  west  one  passes  on  to  lower  and  lower  beds. 
At  this  place  the  Ogishke  conglomerate  (1356)  appears  on  the  shore, 
rising  in  a  ridge  about  fifty  feet  high,  at  a  few  rods  from  the 
shore.  On  the  beach  it  is  disintegrated  and  hardly  per.ceptible  The 
dip  of  the  beds  of  quartzyte  and  slate  that  are  interbedded  with  it,  is 
88°  N.  E.,  and  the  strike  N.  W.  There  is  thus  seen  to  be  undeniable 
graduation  fr<jm  the  Animike  into  the  conglomerate.  This  conglomerate 
makes  also  a  small  rock  island  near  the  shore.  The  greenstone  hills 
still  rise  to  the  north  of  this.  A  little  N.  E.  from  the  conglomerate 
are  fine-grained  beds  which  on  the  weathered  surfaces  appear  like 
flint  changed  by  weathering,  but  they  are  instead  a  very  fine,  sili- 
ceous, granular  rock.  There  are  different  grades,  about  four  feet  of 
these  fiinty  layers  (1357).  The  strike  of  these  beds  from  here  would 
carry  them,  if  continued,  to  the  shores  of  Fox  and  Agamok  lakes 
where  they  were  described  and  illustrated  by  some  figures  in  the  re- 
port of  last  year  (pp.  376-7-8). 

Crossing  the  lake  about  south,  to  where  the  ninth  * 'Correction  line" 
(also  the  town  line)  intersects  the  shore,  we  found  a  gray  feldspathic 
quartzyte  in  outcrop,  in  beds  from  four  to  ten  inches  thick,  dipping 
about  southeast  at  an  angle  of  about  40^(1858).  This  may  be  the 
Pewabic  quartzyte,  but  contains  much  more  feldspathic  material  than 
where  it  appears  north  of  Flying  Cloud  lake.  Further,  it  becomes 
converted  into  a  biotitic  gneiss  (1359),  in  large  part,  similar  to  that 
seen  on  the  Kawishiwi,  and  in  that  condition  it  acts  like  a  matrix,  rot- 
ting and  crumbling  and  allowing  round  pieces  of  hard  gray  quartzyte 
to  fall  out  and  roll  down  to  the  beach.  On  the  top  of  this  bluff  lies 
gabbro  in  place,  but  the  contact  is  not  visible. 

On  passing  further  along  westward  this  rock  shows  some  evidence 
of  having  been  originally  a  conglomerate,  i.  e.  that  these  gray  ''quartz- 
yte" pieces  are  foreign  pebbles.  They  hence  show  some  kind  of  a 
non-conformity  between  this  biotitic  gneiss  (or  changed  quartzyte) 
and  the  formation  (presumably  the  Animike)  from  which  they  were 
derived.  This,  howeyer,  may  be  nothing  more  than  the  disturbed 
condition  incident  to  the  eruption  of  some  of  the  gabbro  sheets  with 
which  the  period  of  the  Pewabic  quartzyte  seems  to  have  been  marked* 

At  a  point  little  further  southwest  the  gabbro  comes  down  the  water^ 
and  forms  the  coast-line.     On  a  vertical  cliff  is  a  conspicuous  green 
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coating  (1860),  eyidentlj  a  weather-effect,  from  decay.  The  scale 
which  coats  the  rock  has  the  hardness  of  4  to  5,  and  is  at  first  white, 
or  becomes  white  when  thickly  accumulated,  although  the  exterior 
surface  is  continually  pea-green.  It  does  not  effervesce  in  HGl.  It 
may  result  from  a  change  in  the  menaccanite  of  the  gabbro. 

About  on  the  town  line  between  64-5  and  6,  sees.  6  and  ^,  south 
shore  of  Gabemichigama  lake,  is  a  beautiful  basaltic  greenstone  dike 
(1361).  It  is  apparently  not  over  ten  feet  wide,  and  on  the  side  where 
the  gabbro  which  it  cuts  has  been  carried  away  by  the  lake  it  shows 
the  ends  of  the  basaltic  columns  somewhat  as  represented  by  Norwood 
in  his  lake  Superior  report,  handsomely  piled  up  and  fitted  together. 
The  gabbro  here  is  apparently  affected  by  near  contact  with  the  quartz- 
yte,  and  is  decaying  and  dissappearing,  but  the  dike-rock  is  firm  and 
fresh  even  to  the  very  water. 

The  iron  cliff  on  the  south  side  of  Qabemichigama  lake  rises  about 
40  feet.  It  consists  of  a  muscovado-quartzose  rock  perfectly  compar- 
able to  the  beds  seen  at  Chub  lake,  associated  with  the  magnetited 
Pewabic  quartzyte.  It  is  filled  with  minerals  derived  from  the  changes 
effected  by  the  gabbro  overflow,  as  supposed.  There  are  glittering 
broad  surfaces,  apparently  of  a  pyroxenic  mineral,  which  in  its  exten- 
tension  embraces  many  small  grains  of  quartz  and  of  magnetite.  In- 
deed, the  upper  part  of  the  cliff  looks  much  like  the  bottom  part  of 
the  gabbro.  It  is  all  impregnated  with  magnetite,  and  the  compass 
needle  is  useless.  The  sample  obtained  (1862)  came  from  near  the 
top  of  the  cliff,  but  does  not  show  the  coarsely  crystalline  texture  and 
the  crumbling  condition  of  most  of  the  bluff  toward  the  top.  Near 
the  bottom  a  recent  slide  has  exposed  some  fresh  regular  beds  of 
quartzyte  (1364).  When  freshly  broken  these  show  an  essentially 
granular,  quartzose  and  magnetited  composition,  but  also  on  some 
surfaces  a  fibrous,  uniform  crystalline  mineral  reflects  a  sheen  of  light 
that  indicates  a  common  matrix  for  all  the  grains.  When  partly  de- 
cayed this  matrix  itself  breaks  up  into  grains,  when  the  rock  exhibits 
the  muscovado-characters,  especially  if  the  silica  and  the  magnetite 
fade  out,  and  are  replaced  by  some  feldspathic  ingredient.  Mingled 
with  the  quartz  grains  are  some  of  olivine.  Indeed  this  rock  makes, 
undoultedly,  the  olivine  rock,  and  affords  the  olivinitic  ore  which  has 
been  seen  in  many  places  near  the  northern  border  of  the  gabbro. 
The  general  dip,  at  this  place  is  nearly  east,  and  at  the  bottom,  where 
it  is  distinct,  in  the  bedded  quartzyte  (1364)  it  is  20"",  but  generally  in 
the  face  of  the  crumbling  cliff,  and  where  it  is  heavily  bedded  and 
more  coarsely  crystalline  in  spots,  it  api  ears  to  be  not  more  than  ten 
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degrees:  much  of  this  rock  might  be  taken  for  rotten  gabbro,  or  bio- 
tite  gneiss.  ^ 

A  little  N.  E.  of  the  narrows  of  Gabemichigama  lake,  on  the  south 
shore,  a  bauded,  rusty-coated,  coarse,  heavy  quartzyte  appears  (1865). 
It  has  apparently  olivine  as  well  as  magnetite,  and  is  a  part  of  the 
same  beds  as  above  described. 

Just  at  the  entrance  of  the  narrows  are  beds  of  firm,  quartzose 
muscovado  rock  (1366)  embraced  in  the  above  quartzyte,  dipping  S.E, 
the  former  appearing  in  at  least  two  thick  beds  The  Pewabic  quartz- 
yte here  is  rather  quartzose,  and  resembles  the  iron  beds  seen  at  Chub 
lake,  and  on  the  trip  north  from  Flying  Cloud  lake. 

This  quartzyte  strikes  across  the  lake  at  the  narrows,  even  causes 
the  narrows,  and  appears  on  the  west  side,  while  gabbro  takes  its 
place  round  the  southern  shores  of  the  southwestern  bay. 

At  the  near  head  of  the  southwest  bay,  but  on  the  west  side,  is  a 
small  outcrop  of  coarse  conglomeritic  quartzyte,  allied  apparently  to 
the  Ogishke  conglomerate,  but  it  is  overlain  by  a  rotting,  biotitic 
muscovado  form  (of  gabbro?),  and  I  could  not  make  out  any  dip.  It 
contains  isolated  pieces  of  finer  rock,  not  argillyte,  but  recalling  in 
some  way  the  argillyte  distributed  in  the  gray wacke  at  Tower. 

From  a  camp  which  we  made  on  the  west  shore  of  Gabemichigama 
lake,  just  south  and  east  of  the  high  hill  that  rises  from  the  lake 
shore,  an  ascent  of  this  hill  was  made,  and  the  rock  was  carefully  ex- 
amined at  numerous  places,  and  samples  were  taken  at  ten  places 
(1367),  intended  to  show  the  average  character.  At  the  shore  south 
of  the  hill  (in  the  southwest  bay,  already  noted),  is  a  coarse,  though 
greenish,  conglomerate  or  grit.  The  same  rock  is  found  near  the  foot 
of  the  hill  and  at  intervals  all  the  way  to  near  the  summit,  but  it  be- 
comes finer  and  finer,  and  cannot  be  distinguished  in  some  cases  from 
some  of  the  finer  beds  of  the  Animike.  The  whole  aspect  of  the  hill 
in  its  form,  the  strike  of  the  main  rock  outcrops,  the  confused  ming- 
ling of  structure  and  texture,  is  that  of  an  eruptive  rock,  whether 
from  deep  source  or  iiot.  The  color  is  dark,  and  at  first  glance  it 
might  be  taken  for  a  greenstone  eruptive.  These  eruptive  features 
are  more  pronounced  near  the  top.  Still,  it  is  of  a  light  green  color, 
and  scarcely  a  sample  can  be  obtained  which  does  not  show  some  free 
rounded  grains  of  silica.  The  whole  rock  appears  somewhat  siliceous. 
Some  of  it  is  dark-blue,  and  fine-grained  as  argillyte.  There  are  occa- 
sional rusty,  or  irony,  patches,  like  the  rusty  patches  seen  in  the  Anim- 
ike at  Gunflint  lake.  There  are  siliceous  seams  of  the  same  color  as  the 
body  of  the  rock,  but  much  harder  and  finer,  which  on  the  weathered 
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surface  give  a  ridged  reticulation  like  that  which  was  photographed 
at  the  west  end  of  Eekekebic  lake  last  year.  Be-ezamining  all  the 
specimens,  and  comparing*  all  the  facts,  I  am  convinced  this  hill  is 
made  up  mainly  of  modified  beds,  perhaps  of  the  Animike,  but  that 
they  have  been  in  almost  a  plastic  slate,  and  probably  toward  the  sam- 
mit  were  mingled  with  a  truly  eruptive  greenstone  without  free  silica, 
and  without  traces  of  sedimentary  structure  and  composition. 

Ten  samples,  1367,  are  intended  to  show  the  above  mentioned  sedi- 
mentary characters,  taken  from  the  southern  slope  in  ascending. 

Three  samples,  1368,  show  the  nature  of  the  summit,  being  a  more 
homogeneous,  darker,  medium-grained,  green  rock,  without  very  evi- 
dent free  quartz. 

The  position  of  this  ambiguous  hill  with  respect  to  the  strike  of  the 
Pewabic  quartzyte,  and  its  general  character,  while  comparing  per- 
fectly with  that  seen  north  of  Chub  lake  and  north  of  Flying  Cloud 
lake  (1345),  has  some  evident  features  that  ally  it  with  the  Animike, 
and  tend  to  confirm  the  suggestion,  already  made,  that  the  rocks  1345 
and  1336  are  in  the  place  of  the  greater  part  of  the  Animike  slates 
and  quartzytes,  but  have  been  modified  either  by  deep-seated  thermal 
agents,  or  by  the  action  of  the  gabbro  overflow,  so  as  to  constitute 
now  almost  a  completely  crystalline  rock.  *  Still  these  rocks  (1367 
and  1345)  differ,  in  that  1345  has  a  tendency  toward  a  fine-grained 
dioryte.  It  will  require  more  examination,  chemical  and  microscop- 
ical, to  determine  the  nature  of  these  rocks  more  exactly,  and  it  is 
only  after  such  discriminations  are  made  that  some  inference  can  be 
drawn  as  to  their  genesis. 

Perhaps  one  of  the  most  important  points  to  be  considered  in  con- 
nection with  this  hypothetical  metamorphism  of  the  Animike  slates 
and  quartzytes  into  the  gray-green  rock  of  this  hill,  and  other  hills 
further  west,  is  the  disappearance,  otherwise,  of  the  Animike  strata 
in  their  course  westward  from  Gunflint  lake.  It  is  true  that  the  beds 
seen  at  Chub  lake,  associated  with  the  Pewabic  quartzyte,  have  an  ex- 
act agreement  with  some  of  those  seen  at  Gunflint  lake,  but  they  are 
insignificant  in  amount,  the  great  mass  of  the  formation  seen  at  Chub 
lake  being  quartzose  and  quite  different  from  the  most  of  the  Animike 
strata.  The  same  is  true  of  the  section  observed  N.  from  Flying  Cloud 
lake.  In  both  places,  on  the  supposition  that  the  Pewabic  quartzyte 
overlies  the  Animike,  there  is  no  Animike  found  under  it  unless  it  be 
this  rock.  Further,  at  a  point  still  farther  west,  at  the  northeast  ex- 
tremity of  Gabemichigama  lake,  where  the  Animike  formation  can  be 

i  e,  howeyer,  p.  93;  on  Ogithke  Muneit  lake. 
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recognized  again,  the  strata  are  greatly  btoken,  and  lie  in  discordant 
And  variant  dip  and  strike.  Here  they  can  be  seen,  as  already  noted, 
interstratified  with  the  Ogishke  conglomerate;  and  in  their  passage 
toward  the  hills  west  of  this  lake  they  exhibit,  about  Fox  and  Agamok 
lakes,  some  remarkable  instances  of  fracture  and  metamorphism.  It 
remains  yet  to  a^^certain  how  much,  if  any,  of  the  rock  which  here 
-constitutes  the  ''greenstone  belt  "  can  be  referred  unmistakably  to  a 
•deep-seated  eruptive  origin.  It  should  be  noted,  however,  that  in  this 
statement  is  not  included  the  greenstone  which  becomes  micaceous 
and  hornblendic,  seen  on  the  north  side  of  Gunflint  lake,  and  again 
west  of  that  lake,  which  forms  a  terrane  older  than  the  Animike,  and 
also  older  than  the  Eewatin,  and  is  distinguished  as  the  Vermilion 
^roup. 

With  intervals  of  nou -exposure  Ihe  foregoing  rock  (1367)  extends 
along  the  N.  W.  shore  of  Gabemichigama  lake  as  far  as  the  portage 
to  Agamok  lake.  From  there  to  Ogishke  Muncie  lake  is  a  wild  mix- 
ture of  graywacke,  argillyte  and  flint,  with  patches  of  conglomerate. 
These  are  broken  confusedly,  dip  in  all  directions  and  at  all  degrees  of 
incline.  It  is  in  my  opinion  the  Animike  formation.  The  hill  range 
that  includes  the  bill  last  described,  as  well  as  the  Twin  Mts.,  crosses 
this  route  between  Agamok  and  Fox  lakes,  and  the  only  rock  visible 
is  this  broken  Animike  sort. 

OGISHKE  HUKCIE  LAKE. 

But  just  before  reaching  the  shore  of  Ogishke  Muncie  lake,  not  far 
«ast  of  the  portage  trail,  a  fissile,  schistose  light  green  rock  is  found. 
This  embraces  the  marble,  so-called  (746)  discovered  in  1879,  and 
again  further  east  last  year  (1069),  and  belongs  probably  to  the  Ee- 
"watin  series  of  rocks. 

.  Making  a  further  examination  of  this  marble  at  the  point  near  the 
N.  £.  end  of  Ogihske  Muncie  lake  where  was  obtained  last  year  rock 
1069  (fifteenth  report  p.  371),  I  fiod  the  marble  (1369)  including  the 
other  schist  mixed  with  it,  is  about  25  feet  wide,  and  that  it  strikes  N. 
SS""  £.  The  argillitic  slate  (1370),  lying %ext  west,  along  the  lake  (No. 
4,  of  the  diagram  on  p.  371),  and  the  conglomerate  associated  with  it, 
strike  in  the  same  direction.  The  slate  is  vertical,  and  is  due  to  the 
thin  (sedimentary  ?)  lamination. 

The  marble  is  impure,  apparently  siliceous,  and  seems  to  blend  with 
the  chloritic  slate  or  schist  which  is  included  with  it,  but  many  of 
the  projecting  parts,  on  the  rusty  weathered  surface  are  angular  and 
ailiceous.    The  rock  shows  no  bedded  structure,  nor  any  uniform 
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structure  except  a  coarse  disintegrating  schistosity  which  coincides 
with,  and  causes,  the  strike  of  the  outcrop. 

The  marble,  so-called,  is  in  some  manner  allied  to  the  rock  in  the  hill 
toward  the  S.  E.,  because  small  amounts  (1371)  of  it  are  disseminated 
in  it;  but  these  do  not  extend  far  from  the  main  marble  ridge.  There 
is  a  narrow  yalley  between  the  marble  ridge  and  the  more  elevated 
shore,  in  which  no  rock  is  exposed. 

The  shore  is  composed  of  the  rock  1068  and  1372.    It  appears  like  a 
massive  doleryte  in  some  places  and  presents  basaltic  forms;  but  it 
embraces  numerous  evidences  of  sedimentary  structure  and  origin  for 
the  pebbles,  quartz  grains  and  fragmental  masses  of  strata  embraced 
in  it.    It  is  massive,  basaltically  and  otherwise  jointed,  green,  roug^h- 
ened  on  the  weathered  surface  by  the  projecting  siliceous  and  feld* 
spathic  grains,  and  in  some  places  has  a  lighter  green  color.    There 
are  in  it  small  contorted  areas  of  cherty  argillyte  (1373)  which,  weath* 
ering  much  lighter  (a  pea-green,  or  more  nearly  white),  appear  like 
siliceous  veinings,  but  really  exhibit  the  banding  of  weathered,  cherty 
or  flinty  argillyte.     These  are  shaped  about  rounded  areas  as  if  of 
boulders,  but  the  included  boulders  (?)  are  the  same  as  the  main  rock, 
and  comprise  elsewhere,  the  whole  of  it,  but  their  forms  are  not  evi- 
dent. 

In  other  places  this  conglomerate — be  it  igneous  or  changed  sedi- 
mentary, that's  the  problem — shows  patches  of  what  appears  bedded 
gray  wacke.  One  such  is  14  inches  wide  and  extends  4i  feet  N.  S5^  W. ; 
but  it  has  a  feather-edge  caused  by  the  successive  branching  away  and 
disappearance  in  the  matrix  of  the  conglomerate,  of  di£Perent  layers 
of  itself,  some  of  them  weathering  lighter  colored,  and  all  of  them 
having  a  wavy  structure. 

Traveling  southeastward  (this  is  in  N.  i  of  sec.  24,  65-6)  about  a 
quarter  of  a  mile  away  from  the  lake  shore,  we  find  the  same  greenish,, 
massive  but  indistinctly  conglomeritic  rock  continues.  It  disinte- 
grates, on  decay,  schistosely,  with  a  siliceous  and  chloritic  matrix. 
Near  the  place  where  we  turned  back  is  an  area  of  gray  wacke  and 
slate,  embraced  in  it.  Thft  runs  diagonally  across  its  own  strike 
about  30  feet,  but  it  changes  its  own  strike  in  that  distance  from  N. 
lO**  W.  to  N.  45^  W.  This  is  an  included  mass  and  transported  from 
its  native  place  by  some  agency,  though  perhaps  not  far.  Indeed  it 
may  be  only  a  part  of  a  general  sedimentary  formation  which,  becom- 
ing plastic,  then  compacted  again,  allowed  this  large  fragment  to  keep 
nearly  intact  its  stratiform  arrangement.     It  is  about  ten  feet  across. 
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and  on  each  side  of  it,  in  the  enclosing  rock  no  structare  can  be  seen, 
— simply  the  formless  though  sometimes  boalder-fiUed  green  rock. 

On  searching  further  this  stratiform  belt,  with  windings  and  uncor- 
formities  within  itself,  extends  northwestwardly  about  ten  rods,  and 
fades  out.  Along  its  westerly  edge  it  has,  in  some  cases  at  least,  an 
abrupt  and  non-conformable  transition  to  the  green  rock,  and  in  other 
cases  the  green  rock  also  exhibits  a  faint  lining  of  a  remnant  of  strat* 
ification  contiguous  to  the  line  of  junction,  but  the  directions  of  the 
two  are  apt  to  disagree.  Taken  as  a  whole  this  banded  portion  turns 
gradually  from  N.  10°  W.  to  N.  50''  W.  It  makes  this  grand  swing, 
but  in  some  places  it  shows  abrupt  changes  and  discordances. 

In  the  banded  gray-wacken  argillitic  parts  some  of  the  pebbles 
seem  to  haye>  hardened  shelly  exterior,  and  sometimes  two  hardened 
cases  (1374)  as  if  concretionary. 

North  from  this  place,  in  the  narrow  spot  in  sec.  13,  between  Ogish- 
ke  Muncie  lake  and  the  lake  south  of  Townline  lake,  strikes  a  Eewa- 
tin-Iike  rock  (1375)  i.  e.  a  schistosely  disintegrating  light-green,  or 
sometimes  slightly  reddish,  apparently  fragmeutal  rock  containing 
much  free  quartz,  a  phase  of  the  conglomerate.  It  is  mingled  with 
some  coarse  conglomerate,  and  patches  of  argillyte  and  occasionally 
seems  to  have  the  character  of  the  silky  poroditic  quartz-free  rock  of 
Stuntz  island  at  Vermilion  lake. 

1376.  Greenish  argillyte  from  the  conglomerate. 

1377.  Piece  of  a  pebble  from  the  conglomeritic  part. 
1878.     Rusty  carbonate  appears  in  patches  in  this  rock. 

In  general,  the  green  rock  lying  adjoining  the  so-called  marble,  de- 
scribed above,  embracing  conglomeritic  and  brecciated  parts;  also  the 
rocks  extending  further  north  (1375 — 1378),  have  their  counterparts  in 
the  region  of  Tower,  as  described  in  the  last  report,  and  cannot  con- 
sistently be  considered  other  than  parts  of  the  same  formation  (Eewa- 
tin).  All  the  structural  features  are  also  seen  about  Tower,  and  east- 
ward from  there  toward  Fall  lake.  On  the  other  hand,  this  green, 
eruptive-looking  conglomerate  has  such  a  close  geographic  relation- 
ship, and  so  strong  a  lithologic  resemblance  to  the  pebbly  conglom- 
erate of  Twin  Mt.  (1077),  as  well  as  to  the  green  rock  seen  in  the  hill 
west  of  Oabemichigama  lake  (1367),  and  to  that  seen  about  the  shores 
of  Frog  Rock  and  Saddle  Bags  lakes,  that  they  seem  to  be  necessarily 
of  the  same  terrane.  They  cannot,  therefore,  be  modified  portions  of 
the  Animike,  because  that  has  been  shown  to  lie  unconformably  on 
the  Eewatin.  This  eruptive-looking  conglomerate  cannot,  hence,  be 
the  same  as  the  conglomerate  seen  to  be  interbedded  with  Animike 
13 
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argillytes  and  quartzytes  at  the  N.  E.  end  of  Qabemichigama  lake. 
There  seem  to  be,  therefore,  two  conglomerates  about  Ogishke  Man- 
<iie  lake,  viz : 

1st.  This  old  eruptive-looking,  massive,  schistosely  weathering  and 
decaying  Ogishke  conglomerate  which  appertains  to  the  Kewatin,  and 
extends  from  Stuntz  island,  in  Vermilion  lake,  past  Ely  (where  it 
was  recently  examined  at  the  Iron  mines)  to  Twin  Mt.  and  Frog  Rock 
lake. 

2nd.  The  Ogishke  conglomerate,  of  later  date,  which  is  interstratified 
with  Animike  argillytes  and  quartzytes,  much  fresher  in  aspect,  very- 
siliceous,  evidently  derived  largely  from  the  disintegration  of  the 
other,  unconformable  on  the  other,  but  involved  with  it  in  profound 
fracturing  and  metamorphism. 

Accordingly  it  will  not  be  allowable  to  suppose  that  the  Animike 
strata,  in  their  passage  westward  from  Gunflint  lake  become  converted 
into  the  rock  on  which  the  Pewabic  quartzyte  lies  at  Chub  lake,  aad 
northward  from  Flying  Cloud  lake;  but  those  ambiguous  greenstone 
rocks  (1335,  1345  and  1367)  should  be  placed  in  the  eastward  prolonga- 
tion of  the  similarly  ambiguous  greenstone  seen  at  Tower  and  at 
Stuntz  island,  and  perhaps  that  which  canses  the  falls  of  Eawasa- 
•chong. 

SADDLE  BAGS  LAKB  AKD  FBOG  BOOK  LAKB. 

The  former  of  these  names  was  applied  to  a  small  lake  that  lies 
south  of  Townline  lake,  between  Ogishke  Muncie  and  Frog  Rock 
lakes,  suggested  by  its  shape.  This  lake  was  approached  by  a  portage 
•(without  trail)  from  Ogishke  Muncie  lake,  and  about  its  shores  was 
found  a  form  of  greenstone  in  which  are  seen  occasional  traces  of  sed- 
imentation, appertaining,  probably,  to  fragments,  large  and  small, 
which  are  embraced  in  a  once  plastic  matrix,  in  a  manner  similar  to 
that  evinced  by  the  rocks  1372,  1379  and  1380. 

A  similar  rock  environs  Frog  Rock  lake,  but  in  some  places  it  ap- 
proaches a  true  greenstone^ (1381).  Going  south  from  Frog  Rock  lake 
to  the  center  of  sec.  19,  65-5,  we  crossed  a  wooded  conntry  with  oc* 
x^asional  low  ridges  of  greenstone  and  gritty  greenstone,  represented 
by  1382.  At  the  farthest  point  reached  the  rock  1383  appears,  but  it 
is  associated  with  1384  which  is  finer-grained,  in  part,  and  conglom* 
eritic  in  part,  sometimes  banded,  and  evidently  a  fragmental  phase  in 
the  eruptive-looking  greenstone-^conglomerate. 
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'S0TE8  HAD£  BETWSBK  OQISHKE  HUKCIE  LAKE  AND  KEKEKEBIO  LAKE. 

At  tbe  west  end  of  Ogisbke  Muncie  lake,  on  tbe  southerly  portage 
to  Dike  lake,  is  a  dark,  slaty  argillyte  (1385)  on  which  are  fine  ripple 
marks.  These  become  yiHible  on  separating  the  fine  laminae  of  the 
«late.  This  slate  resembles  that  seen  in  the  Animike.  On  the  edges, 
when  freshly  broken,  it  is  finely  banded  with  sedimentary  colors. 
The  ripple  marks  are  well  formed  and  preserved. 

From  this  point  an  ascent  was  made,  by  Mr,  F.  N.  Stacy,  of  East 
Twin  Mt.,  and  he  reported  substantially  the  following  results.  The 
position  of  the  mountain  was  ascertained  from  magnetic  observations, 
•on  a  common  compass  needle,  as  follows: 

The  north  side  of  Little  Saganaga  lake  is  E.  10''  S.  (mag.). 

Camper's  island  is  N.  20"^  E;  (mag.). 

Lake  Saganaga  (a  broad  expanse  of  water)  is  N.  15°  E.  (mag.). 

The  mountain  which  lies  at  the  west  side  of  lake  Gabemichigama 
<rocks  1367  and  1368),  which  is  near  the  center  of  sec.  1,  64-6,  is 
about  due  east  (mag.). 

These  directions  place  East  Twin  mountain  not  far  from  the  center 
of  sec.  4,  64*6,  nearly  a  mile  further  south,  and  half  a  mile  further 
west  than  was  represented  on  the  geological  map  accompanying  the 
Jast  report. 

The  summit  of  the  mountain  is  made  of  the  rock  1886,  a  coarse 
hornblendic  greenstone,  resembling  rock  759  (lOtb  report,  p.  97),  but 
which  on  deeper  fracture  appears  to  be  a  titaniferous  gabbro. 

Near  the  top,  but  on  the  body  of  the  hill,  on  the  north  side,  was 
seen  a  finer  greenstone  (1887).  But  further  down  (still  on  the  north 
side),  near  the  bottom  of  the  hill,  it  is  a  coarser  rock  (1888)  of  the 
same  kind  as  1387,  but  not  so  gabbro-like  as  1386;  but  at  the  bottom 
of  the  hill  are  found  both  coarse  and  fine  (1389),  the  coarse  being 
identical  with  1386 

According  to  the  observation  made  by  Mr.  Stacy,  this  hill  is  set  off 
abruptly,  both  topographically  and  lithologically  from  the  following 
by  a  ravine,  or  series  of  irregular,  branching  valleys.  The  hill  rises 
about  850  feet  above  this  ravine.  The  rocks  that  constitute  the  lower 
hills  on  the  north  side  of  this  ravine  are  in  the  main  an  ambiguous 
greenstone  (1390),  and  seem  to  be  closely  associated,  perhaps  blended 
into,  the  prevailing  sedimentary  rocks  that  are  seen  about  the  S.  W. 
shores  of  Ogishke  Muncie  lake.  These  sedimentaries  consist  of 
^herty  slate,  conglomerate,  &c.  This  lower  hill-range  hides  the  Twin 
mountains  from  sight,  from  Ogishke  Muncie  lake,  except  at  tbe  N.  E. 
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end  of  the  lake,  and  seems  to  be  a  connecting  line  between  the  T^ 
mountains  and  the  hills  immediately  west  of  Gabemichigama  lake.  It 
lies  not  far  north  of  the  Twin  peaks.  Jndeed,  Mr.  Stacy  represents 
that  the  peaks  are  simply  higher  parts  of  a  general  hill-range,  cat  off 
by  ravine^  from  the  rest  of  the  range,  and  that  in  general,  the  fra^- 
mental  rocks  cease  before  reaching  the  ravine  mentioned. 

Bocks  1391,  1392,  1893,  1394  and  1395  represent  the  broken  sedi- 
mentary rocks  intervening  between  the  peaks  and  Ogishke  Muncie 
lake.  No.  1393  represents  several  small  hills,  or  hill  ranges,  a  gritty 
greenstone,  a  modified  sedimentary.  No.  1^94  is  chalcedonic  silica, 
and  samples  closely  related,  all  enclosed  in  and  banded  together  in 
1393.  These  are  in  three  small  ridges,  successively,  but  the  samples- 
are  all  from  the  same  ridge.  The  chalcedonic  silica  seems  to  indicate 
the  horizon  of  the  Eewatin,  and  the  iron  ore  here  associated  with  it, 
although  magnetite,  does  not  preclude  the  parallelizing  of  this  nearly 
with  the  horizon  at  Tower.  No.  1395,  which  is  a  widely  disseminated 
rock,  is  a  greenish  conglomeritic  one,  the  same  as  seen  in  many  places 
about  Ogishke  Muncie  lake,  a  part  also  of  the  Eewatin,  as  already 
mentioned.  It  is  filled  with  fragmental  material,  but  takes  the  forms 
and  basaltic  habit  of  an  eruptive.  It  seems  to  be  made  up  largely,  in 
some  places,  of  broken  masses  of  older  strata,  as  well  as  of  individaal 
fragmental  grains,  the  whole  compacted  together  by  a  prevailing  green- 
ish, doleritic  matrix. 

The  hill  directly  east  of  Alpha  lake  is  composed  of  hardened  gray- 
wacke  and  slate,  having  a  balsaltic  jointage  (1396).  It  is  cut  near  the 
lake  by  a  green  dike-like  belt  (1397)  but  this  may  be  a  part  of  the  plastic 
sedimentaries,  as  it  is  not  a  persistent  direction.  Macrospically  it 
appears  like  a  diabase,  sparsely  porphyritic. 

KSKBKBBIO  LAKE. 

The  gray  porphyry  (1094)  at  the  S.  W.  cor.  of  sec.  29,  66-6,  rises 
about  100  feet  above  the  lake,  and  composes  the  whole  peninsula, 
making  a  knob  by  itself.  It  is  very  siliceous  (1398).  It  is  massive, 
or  coarsely  jointed.  The  feldspar  crystals  are  not  alwa3's  perfect  in 
form,  but  approximate  a  true  crystalline  shape.  They  seem  to  be  of 
orthoclase.  They  weather  red.  The  long  exposed  (or  at  least  the 
burnt)  surface  of  the  whole  rock  becomes  reddish,  but  the  surface 
scales  off  by  fire  and  keeps  a  fresh  gray  color  exposed.  There  is  in  some 
places  a  prevailing  direction — that  of  the  general  strike — seen  in  the 
longer  axes  of  the  crystals.    They  are  also  apt  to  stand  vertical,  edge* 
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wise,  in  the  same  direction.    In  the  rock  are  boulder-forms      These 
are  most  frequently  of  greenstone,  and  then  they  are  not  porphyritic, 
but  sometimes  they  are  of  some  rock  which  weathers  a  pinkish  red 
color.    They  are  also  of  a  siliceous  gray  rock  resembling  the  matrix 
of  the  porphyry,  but  finer-grained,  and  also  of  other  light-weathering 
kinds.    But  in  the  main  this  is  a  homogeneous  rock.    These  boulder- 
forms  are  by  no  means  a  common  occurence,  at  least  at  this  place. 
Tet  in  other  places  there  is  a  various  distribution  apparent  in  the 
crystals.     They  are  either  more  conspicuous  and  more  numerous,  or 
else  less  frequent,  in  rounded  spots;  or  they  stand  out  at  different 
angles,  as  if  they  had  been  dependent  on  the  varying  nature,  position, 
structure  or  grain  of  the  enclosing  rock.     This  distribution  and  con- 
fused arrangement  are  so  combined  as  to  bring  out  to  view  indistinct 
outlines  of  former  included  boulders.     From  this  I  conclude  that  the 
whole  rock  is  a  modified  condition  of  the  sedimentaries  here  prevalent, 
and  that  it  indicates  what  would  become  of  the  whole  formation  (con- 
glomerate, graywacke,  slate,  chert,  &c.)  if  under  similar  conditions 
the  rearrangement  and  recrystallization  had  been  carried  to  comple* 
tion— a  syenite  or  a  granite,  at  least  an  acidic  rock.    Here  there  is  no 
basic  surplus  to  give  the  rock  a  doleritic  aspect.     Where  this  has  been 
the  case  the  singular,  *'  ambiguous  greenstone  "  has  apparently  been 
the  product,  a  kind  of  fragmental  basalt. 

This  porphyry  knob  lies  between  two  hardened  graywacke  and  slate 
ridges,  that  on  the  north  being  Mallmann's  peak  and  its  eastern  ex- 
tension, and  that  on  the  south  being  on  the  opposite  side  of  the  lake 
(here  qxiite  narrow).  It  is  just  east  of  the  great  dike  that  strikes 
across  the  lake  here. 

On  the  south  side,  immediately  opposite  this  knob,  but  a  little 
further  west,  this  porphyry  is  found  again.  The  specimen  obtained 
(1400)  is  from  close  proximity  to  the  greenstone  dike,  but  the  whole 
rock  here  weathers  red  distinctly,  and  also  has  crystalline  hornblende. 
It  seems  as  if  the  fracture  which  gave  exit  to  the  greenstone  may  also 
have  had  some  agency  either  in  the  protrusion  or  in  the  production  of 
the  porphyry. 

The  dike  which  crosses  Eekekebic  lake  (1401)  *  forms  two  islands. 
The  rock  (1402)  on  the  west  of  the  dikp,  on  the  southerly  island, 
while  apparently  a  part  of  the  porphyry  already  mentioned,  is  also  as 
plainly  a  part  of  the  red  weathering  gneiss  seen  farther  west  in  the 
islands  of  this  lake.  The  porphyry  on  the  east  side,  at  this  place,  is 
not  visible. 

*  Plfteeiith  report,  pp.  %B  and  i:^8. 
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This  gray  gneiss  (1403)  appears  on  the  main  land  a  little  farther 
west;  and  while  weathering  reddish,  showing  its  identity  with  the 
rock  of  the  islands,  it  also  takes  the  characters  of  the  porphyry 
(1400),  including  the  boulder  forms.  These  forms  are  here  everT-^ 
where  visible,  whether  the  rock  be  gneiss  or  porph3Ty,  or  porphyritic 
gneiss. 

As  a  gneiss  it  shows  a  schistose  bedding  2-4  inches  thick  which,  in. 
one  place  at  least,  dips  into  the  lake,  northwardly;  but  this  bedding^ 
is  not  of  sedimentary  origin.  It  is  a  layered  manner  of  disintegrate 
ing.    Further  west  it  dips  south,  in  each  case  about  25^ 

Ascending  the  hill,  half  a  mile  from  the  lake,  naar  the  center  o£ 
sec.  31,  65-6,  we  pass  over  first  a  low  ridge  of  this  gray  red-weathering^ 
gneiss,  showing  boulders  included,  the  visible  ones  being  mostly  sooie 
form  of  greenstone,  and  reach  the  summit  of  a  hardened  graywacke 
and  slate,  gritty,  greenstone  ridge,  represented  by  rock  1404.  Further 
south  a  higher  hill  rises,  which  was  not  visited.  I{  the  succession  ob- 
served, in  the  rocks  of  the  Twin  peaks  be  preserved  here,  this  upper 
ridge  would  be  likely  to  be  of  true  eruptive  greenstone. 

The  point  on  the  N.  W.  i,  S.  W,  i  sec.  31,  65-6,  is  composed  of  two- 
rocks.  One  is  1405,  a  quartzose  rock  with  a  fine  porphyritic  tendency, 
gray  inside,  weathering  reddish-gray  and  disintegrating  with  a  coarse^ 
schistose  decomposition  like  the  gneiss.  This  is  a  phase  of  the  con- 
glomerate which  graduates  either  way,  to  the  real  porphyry  or  to  tlie 
gneiss.  The  other  rock  is  a  conglomerate  (1406)  with  a  green  matrix.. 
It  acquires  outwardly  a  schisto- fibrous  structure  running  E.  20°  S., 
and  in  disintegration  seems  to  become  finely  micaceous.  A  little- 
further  west,  on  the  point,  this  rises  high,  and  is  basaltic,  very  peb- 
bly, and  holds  many  jasper  pieces.  On  the  extremity  of  this  point 
which  is  at  the  narrows  of  the  lake,  is  a  gray  porphyry  (1407). 

Stacy  island,  the  easterly  of  the  two,  is  made  up  of  the  conglomer* 
ate  of  the  main  land  opposite,  at  the  bottom,  and  a  hardened  gray- 
wacke,  etc.,  overlying.  But  on  the  north  side,  near  the  water,  the 
rock  has  a  bedded,  acquired,  structure  similar  to  that  seen  in  the 
gneiss  and  porphyry;   but  the  whole  is  greenish  and  not  gray. 

The  island  west  of  Stacy  island  is  composed  of  the  same  gray  por- 
phyritic  gneiss  (1408).  This  has  orthoclase,  hornblende  and  (black?) 
mica,  and  an  abundant  quartzose  base  remaining. 

The  latter  island  just  west  of  the  narrows,  near  the  north  shore  of 
the  lake,  is  made  up  of  chloritic  schist.  The  sample  (1409)  came- 
from  near  the  water,  south  side,  while  that  numbered  1410  came  from 
the  top  of  the  same  island.     There  are  15  feet  of  bedded  (sediment- 
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ary)  north-dipping  chloritic  schist  of  this  kind.  The  schistose  fiber 
runs  (on  the  top)  N.  45^  E.,  and  the  dip  is  N.  SO*'  W.,  about  25^  This 
all  readily  disintegrates,  and  as  it  is  found  extensively  about  the  N. 
and  W.  shores  of  this  lake  it  probably  occupies  largely  the  lake  bot- 
tom. It  seems  at  least  to  occupy  it  at  the  narrows.  This  soft  rock 
extends  westward  from  here,  so  as  to  enter  the  shore,  and  probably  is 
the  same  as  the  chlorite  schist  seen  adjacent  to  a  knob  of  porphyry 
last  year  (15th  report,  pp.  867,  154).  Here  this  green  rock  has  a  dis- 
tinct sedimentary  dip,  as  given,  which  precludes  its  being  of  eruptive 
origin.  This  bedded  structure  is  visible,  when  freshly  eroded,  on  the 
south  side,  but  is  not  on  weathered  surfaces.  It  is  somewhat  more 
siliceous  in  some  beds  (1411)  near  the  middle  of  the  south  cliff.  The 
sample  shows  the  sedimentary  lining.  It  holds,  near  the  bottom, 
small  rounded  nodules  (1412)  of  rock  like  itself,  somewhat  simulating 
*'  boulders  by  disintegration,"  as  well  as  some  short  lenticular  sheets 
of  finer  rock  not  very  different  from  itself  (1413)  the  last  being  a  part 
of  the  bedded  arrangement.  At  the  extreme  S.  W.  corner  of  the 
island  these  beds  are  conglomeritic  at  the  low-water  line. 

The  smaller  island,  north  of  the  last,  has  a  similar  rock,  but  is  in 
places  abundantly  porphyritic,  and  dips  N.  15"^  E.  There  is  another 
small  rock  island  just  E.  or  N.  E.  of  the  first,  in  which  the  same- 
rock  appears,  but  dips  southerly  at  an  angle  of  about  80°. 

Considerable  search  was  made  for  some  outcrop  of  the  porphyry,  or 
gneiss,  which  would  show  its  exact  stratigraphic  position  with  refer- 
ence to  some  other  member  of  the  series;  but  in  nearly  every  instance 
the  contact  was  hid  by  forest,  or  by  drift  and  debris;  until  on  coast- 
ing again  westward,  near  the  E.  and  W.  town  line,  along  the  south, 
side  of  sec.  35, 65-7,  at  the  prominent  round  point  of  land  projecting  into 
the  lake,  a  low  bluff  of  the  porphyry  was  noticed  which  was  under- 
mined by  the  more  rapid  disintegration  of  some  lower  and  softer  rock. 
Numerous  large  pieces  of  greenish  chloritic  rock,  resembling  the 
green  schist  seen  in  the  small  islands  near  the  north  shore  in  the  nar- 
rows, lay  here  on  the  beach,  disrupted  by  frost.  It  required  but  little 
search  to  find  that  their  native  place  was  just  under  the  overhanging 
cliff  of  porphyry,  at  the  water-level.  Rock  1414  represents  different 
forms  of  the  porphyry  in  this  little  cliff,  which  rises  about  ten  feet. 
Rock  1415  shows  the  underlying  greenish  (biotitic?)  rock  which  rnp-^ 
idly  wears  away.  This  greenish  rock  also  spreads  upward  irregularly ». 
in  a  few  patches  of  irregular  shape  (1416)  in  the  porphyry,  (the  sample 
is  rather  a  gneiss  than  porphyry). 

This  porphyry  grades  into  the  gneiss  of  the  islands  and  into  the  red 
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rock  seen  last  year  along  the  S.  W.  shore  of  lake  Eekekebic.     They 
are  both  conglomeritic. 

This  porphyry  lies  on  the  green  biotitic  schist  (at  least  in  one  place) 
which  is  so  common  about  the  lake«  and  which  itself  is  bedded,  frag^- 
menta],  and  becomes  a  conglomerate  that  readily  disintegrates. 

This  porphyry*,  and  hence  this  fine,  gray,  red-weatheriug  gneiss,  are 
of  more  recent  date  than  the  green  schist.  If  the  porphyry  holds  its 
position  as  overflow  through  the  action  of  eruption,  it  still  may  be  a 
condition  of  the  conglomerate  seen  about  Ogishke  Muncie  lake  which 
underlies  the  Animike. 

.  Here  seems  to  be  an  instance  of  a  gneiss  which  is  not  Laurentian, 
but  which  has  been  erupted  through  the  Eewatin,  and  is  perhaps  a 
result  of  the  modification  of  a  Kewatin  conglomerate.     It  is  in  the 
line  of  strike  from  the  coarsely  crystalline  syenite  area  further  south- 
west, which  appears  on  the  east  side  of  White  Iron  lake,  and  which 
rises  still  further  southwest  and  constitutes  what  is  called,  in  these 
reports,  the  Oiant*s  range,  but  on  which  the  Duluth  and  Iron  R^nge 
railroad  has  a  station  named  "  Messaba  Heights."    This  is  an  isolated, 
abrupt,  granite  or  syenite  range,  and  evidently  is  of  eruptive  origin  in 
the  same  sense  that  this  prophyry  at  Eekekebic  lake  is;  an  acid  erup- 
tive, later  than  the  Laurentian,  originally  from  some  of  the  strata  of 
the  earth's  super-crust,  and  not  from  a  deep  source.    It  hence  may  lie 
on  any  formation  older  than  the  date  of  the  eruption.     The  reader  is 
referred,  in  this  connection,  to  an  other  part  of  the  report  where  some 
observations  at  the  Aurora  mine,  on  the  Gogebic  iron  range,  are 
stated,  in  which  it  is  also  shown  that  a  conglomeritic  syenite  lies  on 
fiome  stratified  sedimentary  beds,  probably  the  Animike.     He  is  also 
referred  to  the  fifteenth  report,  pp.  349  and  355,  where  some  other  facts 
and  general  considerations  bearing  on  this  origin  of  granites  will  be 
found. 

Rock  1416,  a  reddish  porphyritic  gneiss,  the  same  as  1105,  shows  the 
intergrading  of  the  gneissic,  the  porphyritic  and  the  conglomeritic 
characters  in  the  same  rock. 

This  has  been  called  gneiss  this  year  and  last,  but  it  needs  a  word 
of  qualification.  It  has  not  the  real  gneissic  structure,  or  foliation 
supposed  to  be  due  to  original  sedimentary  bedding.  It  has  ac- 
quired a  sheeted  structure,  but  in  general  it  is  massive  rock,  showing 
variations  due  to  the  original  conglomeritic  state  of  its  materials,  as 
already  described.  Where  it  passes  into  the  porphyry  it  is  more  com- 
pact  and  more  firm  than  when  it  is  not  porphyritic* 

*The  former  itiite  of  this  rock  has  been  namod  pof*pJkyr«{  by  my  brother  In  the  flfteeath  report  p. 
159. 
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fihingwak  island,  (north  of  Animike  island)  is  made  of  the  red- 
«vreathering,  gneissic  rock  (1417),  but  it  is  clouded  with  the  variations 
^ae  to  the  original  conglonieritic  nature. 

Sometimes  the  red  crj'stals  run  into  a  greenish  biotitic  rock  (1418), 
which  is  associated  With  the  red  rock,  the  changes  from  one  to  the 
other  being,  here,  in  perpendicular  planes. 

The  very  small  island  directly  south  of  Shingwak  island  is  not  red 
^iireathering,  but  the  rock  is  fine-grained,  greenish-gray,  hardened  gray- 
wacke,  (1419) — with  fine  mica  scales  sparsely  disseminated.  Its  sedi- 
mentary bedding  planes  are  distinctly  preserved. 

At  the  west  end  of  Animike  island  there  is  a  conspicuous  dip  of  the 
•*'  acquired  "  bedding  toward  the  north.  While  the  rock  here  is  essen- 
tially all  alike,  yet  some  of  it  does  not  take  a  red  color  in  weathering 
(1420).  I  could  not  discern  any  definite  order  in  this  difference  of  color. 
Still  the  gray  color  seems  to  prevail  in  the  middle  beds,  and  the  red  at 
the  N.  and  S.  parts  of  the  bluff.  The  colors  are  not  distinctly  separ- 
ated. The  acquired  bedding,  in  all  these  islands  seems  to  dip  tbward 
the  north. 

At  the  S.  W.  end  of  lake  Kekekebic  the  rock  is  greenish  and  mica- 
<;eous  (1421),  but  it  has  all  the  characters  of  the  chlorite-schist-con- 
glomerate  (1409-13)  seen  in  the  little  islands  near  the  north  shore  at 
the  narrows,  except  that  it  does  not  here  show  such  evident  stratifica- 
tion. The  reason  seems  to  be  that  it  dips  away  from  the  observer, 
And  in  general  away  frpm  the  lake  along  the  west  shore.  It  appears 
much  like  a  crystalline  rock,  but  it  is  of  fragmental  origin.  At  the 
water-level  are  purgatories  that  are  wought  by  the  water  in  the  softer 
layers,  roofed  over  by  some  of  the  former.  It  has  harder  seams  and 
Sumps  that  stand  out  on  the  surface. 

There  are  two  small  islands  south  of  the  point  in  the  W.  part  of 
«ec.  3,  64-7,  one  of  which  co&sists  of  the  same  red  rock  as  the  islands 
further  east.  The  other  consists  partly  of  red  rock  and  partly  of 
green  and  red  (1422).  They  are  all  mingled,  even  the  red  crystals  ap« 
pearing  sparingly  in  the  green 

The  tip  of  the  point  consists  of  red  rock  (gneiss)  but  at  the  base,  on 
the  south  side,  are  Animike  slates,  fine,  black,  closely  jointed  and 
bard,  like  the  black  slates,  seen  on  Eekekebic  last  year,  and  being 
identical,  appa^rently  with  the  Animike  slates  at  Gunfiint  lake.  These 
filates  dip  east  about  75  degrees,  and  their  north-south  strike  continues 
fio  far  as  to  run  along  the  shore  of  the  square  land  projection  which 
is  just  north  of  the  small  point,  dipping  still  easterly  and  exhibiting  a 
high  bold  lakewardfrontf  characteristic  of  the  hardened  slate  group  on 
14 
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this  lake.  If  they  coDtinue  far  enough,  with  this  dip,  under  the 
water,  they  must  run  below  the  reddish  rock  of  the  islands.  In  the 
same  way  if  the  dip  of  the  gneiss  in  the  islands  (the  coarse,  acquired 
bedding)  continued  under  the  water,  its  wAtern  portions  at  least 
would  pass  below  these  slates.  But  it  is  certain  that  the  dip  and 
strike  of  the  slates  and  greenish  conglomerate  are  inconstant.  Xhis 
is  shown  by  numerous  observations  already  recorded,  and  it  is  hence 
probable,  that  although  locally  the  gneiss  (or  porphyry)  may  overlie 
the  exhibits  through  the  accidents  of  local  fusion  or  protrusion,  the 
formation  in  general  to  which  the  red  rock  belongs  is  older  than  the 
schist  and  slate,  and  would  be  found  lying  below  it  when  not  so  dis* 
turbed. 

On  the  next,  square,  point  the  dip  of  the  slates  is  N.E.  at  45''  angle, 
changing  soon  to  35^  But  on  the  north  side  of  the  point,  near  the 
town  line,  but  not  at  the  head  of  the  bay,  the  dip  is  again  S.E. 

At  the  head  of  the  bay,  west  end  of  Eekekebic  lake,  on  the  town 
line,  the  green  schist-conglomerate  (1423)  appears  again,  same  as  seen 
in  the  islands  at  the  narrows.  At  the  water-line  the  weathered  sar* 
face  is  roughened  by  numerous  small  knot-like  projections  (1424). 
Some  of  them  take  the  form  of  ridges.  These  projections  make  the 
rock  look  like  a  conglomerate.  The  ridges  are  hardened  seams,  and 
run  in  all  directions.  The  general  structure  is  vertical  and  in  the 
same  direction  as  in  the  islands.  The  rock  is  green.  It  easily  wears 
away,  i.  e.  more  easily  than  the  slates  and  greenish  graywackes;  yet 
it  produces  sharp,  short  points  and  islands  in  the  teeth  of  the  waves. 
At  this  place  no  certain  sedimentary  structure  is  observable,  but  ou 
the  north  side  of  the  little  sharp  point  a  sedimentary  lining  is  visible 
in  rock  1423,  showing  a  dip  E.  10"*  S.  This  structure  is  like  that  seen 
in  the  islands  at  the  narrows. 

On  the  shore  north  of  this  bay,  and  eastward,  the  same  rock  contin- 
ues, and  dips  S.E.,  until  it  is  cut  by  a  dike  (1425)  on  the  north  side 
of  the  next  bay.  South  of  this  dike  the  green  schist  appears  at  the 
head  of  the  bay,  and  has  coarse  pebbles. 

Crossing  this  bay  and  coming  to  the  point  which  projects  S.W.  to- 
ward its  counterpart  on  the  opposite  side  of  the  bay,  the  slates  and 
chloritic  graywackes  appear  again,  thus  showing  that  in  general  the  green 
pebbly  beds  lie  below  these  slates.  Yet  ou  this  point  there  is  a  local  dip 
in  the  slates  toward  the  green  schist  beds;  but  the  dip  varies,  some- 
times being  vertical. 

Next,  further  east,  in  S.  W.  i,  sec.  34,  64-7,  on  the  shore  of  Eeke- 
kebic lake,  near  the  head  of  the  broad  shallow  bay,  is  an  important 
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variation.  The  graywackes  vary  to  the  green  beds,  but  are  pebbly 
coDglomeritic.  They  also  show  a  disappointed  straggling  ambition  to 
become  porphyritic.  The  color  is  not  gray,  nor  green,  but  gray- 
green,  and  there  are  apparently  a  few  fine  crystals  of  hornblende  in 
some  parts  of  it.  The  reddish  weathering  siliceous  portions  some- 
times are  mingled  distinctly  with  the  softer  greenish  or  grayish  par* 
tions,  the  latter  becoming  micaceous  on  decay  (1426).  It  appears  as 
if  the  porphyry,  the  reddish  gneiss,  as  well  as  the  hornblende  porphyry 
of  Mallmann's  peak  (No.  751),  were  intimately  associated  here  in 
embryo,  in  one  and  the  same  rock  with  the  green  schist  conglomerate,. 
and  that  by  differentiation  they  could  all  be  brought  out,  and  belong 
genetically  to  the  same  formation.  Still  this  commingling  of  char-- 
acters  is  probably  only  local,  such  as  is  incident  to  the  contact  of  any 
two  formations.  When  it  is  remembered  also  that  the  porphyry  and 
the  gray  gneissic  rock  seem  to  have  been  plastic  since  the  deposition  of 
the  green  schist  conglomerate,  and  has  been  protruded  through  and 
overlies  it,  it  is  not  only  reasonable  to  expect  that  the  schist  would 
embrace  materials  like  the  original  sediments  of  the  porphyry,  but 
also  that  the  porphyry  should  enclose  parts  of  the  schist.  In  a  com- 
mon softening  and  metamorphism  the  two  rocks  would  thus  come  to 
show  approximations  in  mineral  characters  toward  each  other  at  the 
poiuts  of  contact. 

Thence  to  the  portage  going  north  the  same  green,  finely  conglom* 
eritic  rock  continues,  as  noted  last  year. 

Before  leaving  Eekekebic  lake  it  would  be  well  to  group  some  of 
the  recorded  facts  into  general  statements,  and  to  give  some  of  the 
inferences  to  which  they  seem  to  lead.  These  inferences  are  provis- 
ional, and  are  based  on  the  field  observations,  extended  now  over  this 
lake  twicer  but  they  may  have  to  be  modified  when  the  rock  samples 
collected  have  been  subjected  to  thin-sectioning  and  microscopic  in- 
spection. 

There  are,  in  the  main,  but  three  formations  that  are  to  be  consid- 
ered. 

1.  The  changed  conglomerate,  or  porphyrel. 

3.  The  green  chlorite-schist-conglomerate. 

3.  The  black  slate — which  resembles  the  Animike. 

The  porphyrel  is  plainly  an  extension  of  the  same  part  of  the 
Ogishke  conglomerate  westward.  The  change  which  converted  that 
conglomerate  into  this  acid  eruptive  rock  was  subsequent  to  the  deposi- 
tion of  the  Animike  rocks  and  the  disturbance  that  accompanied  it 
involved  the  slates  and  other  parts  of  the  Animike*     It  was  perhaps 
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cotemporary  with  the  formation  of  the  last  of  the  basic  dikes.  Id 
general  the  conglomerate  was  not  much  moved  out  of  its  place, 
but  was  metamorphosed  in  situ,  in  some  cases  retaining  some  evi- 
dences of  its  mechanical  sedimentary  manner  of  deposition.*  In 
others  it  was  protruded  in  bosses  that  now  rise  boldly  above  the  g:en- 
eral  level,  and  in  still  others  was  caused  to  lie  upon  some  parts  of  the 
green  schists  in  the  manner  of  an  overflow  or  laccolitic  eruptive. 

The  green  schist,  which  belongs  apparently  to  a  date  about  the  same 
as  the  Kewatin  portion  of  the  Ogishke  conglomerate,  or  is  its  imme- 
diate successor  and  conformable  upon  it  where  the  contact  is  normal 
is  still  markedly  difi^erent  from  it.     It  is  apparently  formed  of  basic 
erupted  materials  in  a  fragmental  condition.    It  received  its  stratified 
arrangement  through  the  agency  of  water.    Volcanic  vents  in  the  im- 
mediate vicinity  must  have  given  origin  to  this  vast  supply  of  basic 
materials.     It  is  to  be  considered,  at  present,  a  part  of  the  Eewatiiiy 
because  it  is  very  likely  the  same  as  the  ''  ambiguous  greenstone  "  on 
the  north  flanks  of  Twin  mountain,  and  in  the  section  seen  between 
Flying  Cloud  and  Bingoshick  lakes — and  that  has  been  excluded  from 
the  Animike  (see  under  Ogishke  Muncie  lake,  p  98). 

The  Animike  slates,  which  are  associated  with  this  green-schist- 
conglomerate  in  the  N.  W.  part  of  the  lake  seem  to  have  been  the 
conformable  successor  to  the  green  schist  so  far  as  continued  aqueoas 
deposition  was  able  to  make  conformable  succession.     But  it  is  very 
likely  that  this  succession  would  not  be  found  conformable  in  the  ▼£• 
cinity  of  the  old  volcanic  vents.     There  was  a  great  basic  eruption 
that  separated  the  Animike  from  the  Kewatin.      That  is  evinced  not 
only  by  the  actuality  of  this  fragmental  basic  rock,  but  by  the  exist- 
ence of  mountains  of  truly  eruptive  greenstone  which  show  the  prob- 
able sources  of  the  fragmental  debris.      These  two  greeAstones  are 
found  to  lie,  in  every  case,  below  the  Animike,  when  they  are  present; 
at  least  they  intervene  between  the  general  strike  of  the  Animike 
and  that  of  the  Kewatin,  with  the  Animike  dipping  away  from  them. 
The  fragmental  sedimentary  *' greenstone**  probably  graduates  up- 
ward into  the  Animike  slates,  forming  their  basal  conglomeritic  por- 
tions wherever  there  was  no  break  in  the  sedimentation.     That  part 
of  this  *'  ambiguous  greenstone  "  which  consists  of  breccia,  or  con- 
tains masses  of  contorted  strata,  as  described  at  Ogishke  Muncie  lake, 
must  have  been  formed  in  nearer  proximity  to  the  volcanic  vents, 
where  the  succession  of  sedimentation  was  interrupted  by  upheaval, 
fracture  and  overflow. 

•  Compare  the  15th  report,  p  853. 
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PSEUDO-KESSBB  LA.KB   AND  WESTWARD  TO   TOWER. 

In  making  the  portages  from  Kekekebic  lake  toward  Knife  lake,  the 
green  fragmental  schist,  sometimes  fine  and  sometimes  pebbly,  occa- 
sionally twisted  and  deprived  of  evident  sedimentary  structure,  con- 
tinues to  Spoon  lake.  On  the  north  side  of  Spoon  lake,  the  same 
formation  continues,  but  it  is  not  green  and  soft — i.  e.  is  not  so  green. 
It  is  rather  grayish,  and  more  firm,  and  mashed  together  so  that  the 
bedding  planes  appear  occasionally  as  linings.  The  outward  surface  is 
rough  to  the  touch  with  siliceous  grains  and  seams,  and  the  whole 
rock  seems  more  siliceous.  It  is  like  some  brecciated  portions  of  the 
Animike  seen  along  the  international  boundary  line  east  of  Gunfliut 
lake.  In  this  condition  it  looks  as  if  a  little  more  metamorphism 
would  produce  the  red  fine-grained  gneiss. 

The  rock  forming  the  point,  N.  E.  cor.  sec.  28,  65-7,  in  an  area  of 
Knife  lake  (1428),  is  a  dark  siliceous  slate.  But  the  interesting  point 
in  this  rock  is  its  compacted  condition  and  incipient  porphyrization, 
as  well  as  the  slightly  pinkish  tint  which  it  acquires  on  weathered  sur- 
faces. This  is  not  always  dark  within,  but  is  grayish  to  black.  The 
sample  obtained  last  year  a  little  further  south,  nearer  the  portage 
landing,  was  finer  and  black  within. 

We  went  to  Pseudo-Messer  lake  by  a  route  which  crosses  a  part  of 
Hunter's  island.  This  is  a  much  used  trail,  indeed  is  said  to  be  the 
main  route.  It  has  long  been  used.  I  do  not  know  why  the  bound- 
ary was  established,  on  our  maps,  on  the  southern  route  where  more 
portaging  is  necessary  to  reach  Basswood  lake.  Was  it  because  the  U. 
S.  township  surveyors  surveyed  only  to  that  line?  If  so  it  seems  as 
if  the  United  States  has  good  claim  to  land,  up  to  this  old  route,  which 
seems  to  conform  to  the  terms  of  the  Webster- Ashburton  treaty. 

At  the  commencement  of  the  first  portage  on  Hunter's  island  the 
black  siliceous  slates  seen  last  year  (and  again  this)  at  the  point  where 
Knife  lake  is  first  reached  from  Kekekebic  lake,  appear,  dipping  south- 
erly at  an  angle  of  88  degrees,  more  or  less;  and  at  the  summit  of  the 
divide  the  rock  1429  can  be  seen,  which  is  about  the  same  rock  as  at 
the  south  end  of  the  portage,  somewhat  lighter  colored.  Slaty  cleav- 
age here  runs  E.  12°  N.  by  compass,  but  the  sedimentary  dip  is  ob- 
scure. The  slaty  cleavage  dips  at  a  right  angle  with  the  direction  of 
its  strike,  and  the  only  symptom  of  sedimentary  dip  that  can  be  found 
indicates  a  southerly  direction,  amounting  to  88  degrees. 

A  little  below  the  summit,  and  on  the  north  slope,  rather  nearer  the 
lake  than  the  summit,  is  a  dark  gabbro-like  .dioryte  (?),  No.  1430. 
No  contac   with  the  other  rock  is  visible,  but  it  probably  lies  on  it. 
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It  forms  a  little  ridge  ranning  S.  SW.,  bat  slate  recurs  again  just 
below,  and  continaes  to  the  lake. 

The  next  portage  to  Pseudo-Messer  lake  is  a  short  one,  and  at  the 
west  end  No.  1431  appears.  It  is  a  light-green  slate,  rather  firm,  bat 
showing  a  tendency  to  sericitic  films  between  the  laminsB.  It  has 
considerable  free  quartz  in  macroscopic  grains.  It  resembles  slate 
seen  in  the  Eewatin  about  Long  and  Vermilion  lakes. 

The  point  in  Pseudo-Messer  lake  that  lies  north  from  the  portage 
landing,  on  the  east  side,  (as  extended,  the  U.  S.  surrey  lines  would  make 
it,  on  my  plat,  N.E  i  sec.  19),  consists  of  a  slighty  reddish-weathering, 
pyritiferoas,  fine-grained  quartzyte,  or  gritty  felsyte,  firm  and  sharp  in 
fracture,  having  no  visible  bedding,  but  looking  like  a  changed  (and 
now  eraptive)  rock  (1432). 

Directly  across  Pseudo-Messer  lake  from  the  portage  landing  occurs 
rock  1433.     It  is  on  two  islands  in  a  bay.     It  is  a  light-green  schist, 
siliceous  yith  chalcedonic  silica,  identical  with  some  that  had  been 
described  at  Tower  in  connection  with  the  iron-bearing  rocks.     This 
identity  is  further  indicated  by  the  existence  here  of  small  hematitic 
streaks,  and  jaspilyte,  varying  from  white  to  red  (1434  and  1435)  which 
occurs  in  lumps,  and  in  perpendicular  lenticular  sheets  in  1433,  in  the 
same  manner  as  at  Tower     This  green  rock  is  soft,  schistose  in  the 
direction  E.  20<'  N.  and  holds  ''chalcedonic  **  silica  in  nodules,  also  one 
narrow  belt  of  jaspilitic,  hematitic  quartzyte  about  two  and  a  half 
feet  wide.     Small  pebbles  of  1434,  as  small  as  a  pin*head  are  dissemin- 
ated in  1433.    There  is  a  siliceous  framework  also  in  1433,  apparently 
pervading  it,  that  forms  a  roughness  on  the  weathered  surface,  (com- 
pare the  fifteenth  annual  report  p.  229.) 

It  is  very  evident  from  the  few  observations  that  were  made  on 
Hunter's  island,  that  the  iron  range  of  Vermilion  lake  extends  across 
the  Boundary  waters  and  enters  the  British  territory  on  the  island. 

Through  Sucker  and  Carp  lakes  are  only  seen  exposures  of  argillitic 
slates,  graywackes  and  sericitic  schists. 

From  Prairie  portage  to  Opin  Is.,  in  Basswood  lake,  sec.  10, 6410,  the 
rock  has  a  very  uniform  character.  It  is  syenite  varying  to  granite. 
It  is  split  into  sheets  varying  from  one  inch  to  six  inches,  usually 
about  three  inches,  which  are  apt  to  dip  north  or  south,  but  sometimes 
are  nearly  level.  In  addition  to  this  bedding  it  has  a  gneissic  struc- 
ture, thus  differing  from  the  red,  fine  syenite  of  Eekekebic  lake.  It  has 
occasionally  belts  of  dark,  quartzose,  non-crystalline,  or  cryptocrystal- 
line  rock  that  show  distinctly  a  liningdue  to  sedimentation.  These  run 
short  distances.  It  also  holds  patches  and  lenticular  masses  of  granular 
hornblende,  which  is  shown  on  the  sample  (1436)  collected. 
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At  the  S.  E.  end  of  the  portage,  in  S.  E.  i  sec.  6,  64-10,  which  leads 
from  one  part  of  Basswood  lake  to  another,  is  a  rock  (1438)  which 
seems  to  be  simply  a  hardened  gray  wacke,  appearing  now  like  a  quartz- 
ose  gray  syenite-gneiss,  with  some  chlorite  that  gives  it  color  specks. 
At  the  N.  W.  end  of  this  portage  the  landing  is  on  mica  schist,  inter- 
laminated  with  rock  like  1438. 

The  bluff  on  the  right  bank,  just  below  Pipestone  falls,  rises  about 
18  ft.  direct  from  the  water.  It  embraces  three  rocks,  1439,  1440  and 
1441.  No  1439  seems  to  be  a  dark  hornblendic  greenstone.  It  occurs 
on  the  face  of  the  bluff,  all  about,  and  seems  to  graduate  into  rock 
1440  There  can  be  found  no  direct  transition,  nor  can  it  be  stated 
what  the  nature  of  the  change  is  without  microscopic  examination,  as 
the  latter  rock  is  fine  grained,  and  seems  to  prevail  over  all  the  others. 
It  seems  to  belong,  however,  with  the  mica  schists,  but  is  very  firm 
and  shows  mica  very  sparingly.  Bock  1441  is  light-colored,  some- 
what reddish,  coarsely  granular  chlorite  syenite,  or  granulyte.  This 
cuts  both  of  the  above  rocks,  running  in  seams  and  veins  about  five 
inches  wide,  nearly  horizontal  along  the  bluff.  It  also  occurs  in 
irregular  bosses  in  the  face  of  the  bluff,  alongside  of  which  the  rock 
1439  stands  in  a  vertical  plane  of  contact. 

Just  above  the  rapids,  where  was  obtained  in  1878  rock  numbered 
349  from  a  low  bluff  on  the  right  bank,  there  is  now  no  rock  exposed, 
the  drift  having  concealed  it;  but  large  pieces  that  lie  about  are  from 
a  greenish  schist,  and  are  represented  by  1442.  No.  349  is  styled 
peridotyte  by  Dr.  Wads  worth,  of  the  variety  serpentine. 

A  very  similar  schist  (1443),  but  more  shining,  lighter  green,  "tal- 
cose"  or  '*sericitic,"  is  found  in  abundant  outcrop  at  the  west  end  of 
the  portage  from  Newton  lake  to  Fall  lake.  It  strikes  toward  the 
upper  end  of  the  rapids,  at  the  upper  landing,  and  apparently  causes 
them.  Its  structure  is  about  vertical,  lenticular- wedged  schistose, 
making,  when  weathered,  a  soft  fissile  schist.     Compare  1109. 

At  the  Cooper  claim,  near  the  head  of  the  portage  from  Fall  lake 
to  Garden  lake,  a  late  stripping  east  and  west  reveals  a  run  of  jaspi- 
lyte  which  is  six  or  eight  rods  across,  at  least,  reaching  from  the  west 
portage  trail  to  near  the  river.  It  is  more  or  less  hematitic.  At  the 
west  end  of  the  stripping  the  jaspilyte  is  replaced  by  the  greenstone  of 
the  region  (999  and  1444). 

At  the  place  called  "Silver  City,**  north  end  of  White  Iron  lake, 
the  quartzyte  containing  the  iron  dips,  on  the  north  side  of  the  hill, 
74^N.,  30°W.  It  is  gray  and  similar  to  the  Chub  lake  quartzyte  (1445). 
rt  reverses  the  needle.    It  contains  thin,   irregular,  green  laminsa 
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in  which  magnetite  seems  to  gather  most  freely,  but  the  ore  is  alsa 
scattered  in  fine  rhombohedra  in  the  quartzyte  itself.  The  rock  is 
certainly  sedimentary  in  the  direction  stated,  and  thin  slaty  seams 
appear  on  the  north  side,  due  to  that  structure. 

A  little  further  west  the  rock  dips  more  westerly,  and  the  structore 
actually  swings  round  so  as  to  have  an  apparent  dip  S.  W.,  i.  e.,  to- 
ward White  Iron  lake.    It  is  sometimes  micaceous,  i.  e.,  its  cleaved 
laminae  glitter  with  fine  silvery  scales  which  may  be  chloritic  rather 
than  micaceous,  and  result  from  a  change  of  the  green  schistose  sab- 
stance  that  is  interleaved  with  the  quartz.     Taken  altogether,  the 
formation  is  quartzyte,  some  of  it  being  gray,  granular,  hard  silica, 
and  some  of  it  very  fine-grained  and  schistose.     In  the  latter  case  it  is 
darker  colored,  the  coloring  element  being  apparently  a  fine  acicular 
mineral  which  lies  with  its  longer  axis  parallel  with  the  grain  of  the 
schist,  and  may  be  tremolite.     Eleven  samples  collected  (1146)  show^ 
different  variations  and  the  associations  of  the  ore. 

The  statigraphic  position  of  this  rock,  and  its  geographic  relations,, 
seem  to  conspire  to  ally  it  with  the  Vermilion  series,  i.  e.  the  mica* 
hornblendic  rocks  that  are  associated  with  the  granites  of  the  north 
side  of  Vermilion  lake  and  north  of  Long  lake.  But  the  general  di- 
rection  of  strike,  from  the  Animike  ores  west  of  Qunfiint  lake  and  its 
mineral  composition  would  allow  of  its  being  a  part  of  the  Pewabie 
quartzyte.  It  lies,  however,  on  the  other  side  of  the  Giant's  range  of 
granite  from  the  Animike  ores  at  Qunfiint,  and  its  age  is  probably 
that  of  the  mica-schist.  It  is  the  only  known  iron-ore  locality  in  the 
rocks  of  that  age. 

But  a  short  distance  below  this  mica-hornblende-quartzyte  knob, 
but  on  the  opposite  (N.)  side  of  the  river,  appears  rock  1447  in  a  low 
outcrop.  This  is  a  fine,  fibrous,  greenish  rock  which  at  first  glance  ap* 
pears  like  a  diabase,  but  is  in  reality  an  extension  of  the  tremolitic 
(?)  quartzyte  formation  just  described. 

On  the  north  shore  of  Mud  lake,  near  the  west  end  of* the  lake,  but 
about  half  a  mile  from  the  lake  (N.  W.  i,  sec.  4,  62-14)  some  recent 
drilling  has  been  prosecuted  with  a  diamond  drill.  The  rock  here  is 
the  ''ambiguous  greenstone,"  with  chalcedonic  silica,  which  accom- 
panics  the  ore  at  Tower.  Nothing  but  this  green  rock  (1448)  can  be 
seen  at  the  location,  and  no  rock  at  all  along  the  road  from  the  creek* 
Some  samples  of  the  drill-core  which  lie  about,  consist  of  the  same. 
The  place  is  deserted  at  present.  No  iron  outcrop  could  be  found. 
Samples  said  to  have  come  from  the  place,  obtained  since  from  Mr.  J. 
C.  Clark,  have  been  analyzed  by  Prof  Dodge  with  the  following  results: 
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No.  1.  No.  2. 

Bilica 21.70  5.26 

Lime O.Sl  0.15 

PhoephoruB 0.17  0.18 

Magnesia traces  traces. 

Manganese none  none. 

Titanium none  none. 

Sulphur  • none  none. 

Mag.  oxide 77.62  92  76 

99.70  98  35 

allic  iron 66.21  67.11 

At  the  Stone  mine,  at  Tower,  the  old  excavation  is  being  filled, 
covering  the  "dike"  of  jaspilyte,  bat  on  re-examination  very  little  more 
could  be  ascertained  of  its  direction  southwardly  from  the  old  mine. 
Tet  I  became  more  impressed  with  the  probability  of  its  resuming  a- 
direction  about  parallel  with  the  direction  of  the  mine  at  a  short  dis- 
tance within  the  south  wall,  in  the  same  manner  as  described  of  No. 
2,  last  year.* 

The  Tower  spur  track  cuts  a  light-green  porodyte,  1450.  This  is 
mainly  massive,  except  that  it  is  basaltically  close-jointed. 

About  five  miles  south-east  from  Tower,  Mr.  Hermann  S.  McMinn 
has  conducted  an  exploration  for  Messrs.  Andrews,  Chapin  &  Co. 
This  is  on  sec.  2,  61-15.  Some  samples  of  good  magnetic  ore,  said  to 
have  been  derived  from  this  working,  were  shown  at  Tower,  also  some 
samples  of  the  jaspilyte.  Some  of  the  jaspilyte  is  gray  and  white, 
with  magnetite  and  pyrite  (1451),  interchangeable  with  jasper  and 
hematite.  Associated  with  the  pyrite  and  magnetite  is  some  graphite 
(1452).  Much  of  it,  so  far  as  explored,  is  in  the  form  of  a  breccia 
cemented  by  pyrite,  now  largely  changed  tolimonite. 

GLACIAL  BIBECnONS  OBSBBYED  IN  1887.      BY  N.   H.   WIKCHELL. 

Bruce,  Ontario,  near  the  old  Bruce  mine,  but  east  of 
it;  on  dioryte,  at  the  lake  level S.  10°  W.  (Mag). 

Bruce,  Ontario,  50  feet  above  the  lake,  on  quartz 
vein  in  dioryte S.  10°  W.  (Mag). 

Thessalon,  left  bank  of  the  river,  at  the  mouth,  trap 

rock S.  20°  W.  (Mag.) 

[That  form  of  cross-fracture  glaciation  that  has  been  described  on 

the  Pipestone  quartzyte  in  Minnesota  is  here  seen  frequently  on  the 

trap  rock]. 

^  Fifteenth  report,  p.  235,  fig.  4. 

15 


114  SIXTEENTH  AKKUAI   BEPOBT 

ThessaloD,  one  mile  S.  E.  from  Little  Rapids,  on 

quartzyte S.  20°  W.  (Mag). 

Thessalon,  crossing  the  last  on  the  same  surface S.  80°  W.  (Mag). 

Blind  River,  Ont.,  on  quartzyte S.  28°  W.  (Mag). 

Cascade,  five  miles  south  of  Negaunee,  Mich.,  on 

conglomerate S.  70°  W.  (IMfag). 

Lighthouse  point,  Marquette,  Mich.«  greenstone.. S.  25°-28°  W.  (Mag). 

Bessemer,  Mich.,  on  Cupriferous  conglomerate N.  &  S.  (Mag). 

East  end  of  Delta  lake  (west  of  Ogishke  Muncie)....S.  U°  W.  (Mag). 
Island  in  Pseudo^Messer  lake  (1433),  green  schist .  ..S.  30°  W.  (Mag). 

BOCK  SAMPLES  COLLECTED  TOILLUBTBATB  THE  BEPOBT  OF  N.  H.  WIK0HKX«Ii, 

IN  1887. 

Samples  from  the  original  Huronian. 

1148.  Red  quartzyte  from  Port  Finley,  on  the  Canada  side,  north 
of  St  Joseph's  island. 

1149.  Dioryte,  Bruce;  near  the  old  Wellington  mines. 

1150.  A  fine  diabase  dike  cutting  1149. 

1151.  From  a  great  dike  cutting  1149,  running  N.  and  S. 

1152.  Very  fine  grained,  sometimes  aphanitic  and  nearly  black; 
near  the  mouth  of  the  Thessalon  river,  west  bank. 

1153.  Coarse-grained,  speckled  on  the  weathered  surface;   same 
place. 

1154.  Coarse-grainedy    speckled  on  the   weathered  surface;  same 
place. 

1155.  Medium-grained  and  somewhat  speckled  with   porphyritic 
feldspar,  also  with  a  reddish  vein  of  granulyte;  same  place. 

1156.  Very  fine  grained,  nearly  black;  east  side,  at  the  mouth  of 
the  Thessalon  river. 

1156A.    Nodular,  epidotic,  veined  condition  of  some  of  the  rock  at 
the  mouth  of  the  Thessalon,  on  the  east  side. 

1157.  Massive,  dark  gray,  diabasic,  resembling  some  seen  in  the 
railroad  cut  near  Thompson,  Minn.;  from  east  side  of  the  Thessalon. 

1158.  Epidotic  trap  rock,  same  place. 

1159.  Pitted  and  non-pitted  and  amygdaloidal  rock,  the  amygdules 
being  delessite;  same  place. 

1160.  The  same  rock,  but  having  amygdules  apparently  of  red  fel- 
syte;  same  place. 

1161.  Granulyte,  or  perhaps  properly  a  protogine,  same  place. 
llfJ2.     Gray  quartzyte,  about  a   mile  northwest  from   Thessalon 

village. 
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1163.  Felsitic  quartzose  gneiss,  from  a  spur  of  1162,  embraced  be- 
tween two  forks  of  a  dike. 

1164.  From  the  main  dike  cutting  1162. 

1165.  From  the  smaller  fork  of  the  same  dike. 

1166.  From  greenish  boulder-like  masses  included  in  1162. 

1167.  Diabase  unconformably  overlying  quartzyte,  four  and  a  half 
miles  northwest  from  Thessalon. 

1168.  Coarse  diabase,  representative  of  the  eruptive  rock  between 
Thessalon  and  Macbeth's  bay.  * 

1169.  Pebbly  quartzyte,  4i  miles  N.  W.  from  Thessalon. 

1170.  White,  or  slightly  greenish-white,  quartzyte,  in  the  road  two 
miles  from  the  mouth  of  the  Thessalon  river,  on  the  east  side. 

1171.  Pinkish  quartzyte,  near  Wm.  Ensling's  house,  Thessalon 
yalley,  about  two  miles  west  of  Little  Rapids. 

1172.  Gray,  fine-grained  calcareous  quartzyte,  thin-bedded.  An- 
isonia  P.  0.  at  "the  dump." 

1173.  Sample  of  schistose  slaty  diabasic  rock.  Thessalon  point, 
west  side  of  the  river.     Logan's  ''green  chlorite  slate." 

1174.  Eruptive  diabase,  mouth  of  Blind  river,  west  side. 

1175.  The  same^from  the  east  side. 

1176.  Quartzyte,  Blind  river,  east  side. 

1177.  The  same. 

1178.  Grayish  red  quartzyte,  very  fine-grained.  Blind  river,  east 
side. 

1179.  So-called  shaly  portion  of  the  gray  quartzyte  at  the  railroad 
•cut.     Blind  river. 

1180.  Quartzyte,  from  the  outer  point  west  of  the  west  arm. 
Blind  river. 

1181.  Diabase  dike,  cutting  No.  1180. 

1182.  Red  felsyte,  quartzose  with  fine,  scattered  grains;  in  patches 
in  the  diabase  eruptive;  somewhat  affected  locally  by  contact  with 
the  basic  eruptive.    R.  R.  cut  on  the  east  side  of  the  Missasaugifi. 

1183.  Light-greenish  quartzyte,  a  phase  of  the  quartzyte  at  the  R. 
R.  cut  on  the  east  side  of  the  Missasaugui. 

1184.  A  condition  of  the  quartzyte  at  the  same  place  in  association 
with  the  diabase,  the  quartz  losing  some  of  its  distinctness. 

1185.  The  same,  more  dark. 

1186.  The  same  with  an  orthoclastic  tendency. 

1187.  The  same  converted  to  red  fibro-basaltified  felsyte. 

1188.  The  basic  eruptive  with  red  orthoclase  crystals  disseminated, 
same  place. 
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1189.  Same  as  the  last,  but  finer-grained,  same  place. 

1190.  Dioryte,  west  side  of  the  Misssasaugui,  at  the  mouth. 

1191.  Fine-grained  gray,  flinty-quartzyte,  showing  an  abrupt  con- 
tact on  1190. 

1192.  Shows  one  of  the  greenish-weathering,  more  slaty  parts   of 
this  quartzyte  from  the  opposite  side  of  the  river. 

1193.  One  mile  west  of  "the  dSmp,"  orthoclastic  granulyte. 

1194.  Fine,  gray,  bedded  **slate,*'  broken  and  again  cemented    by 
many  veins  of  quartz;  sec,  8  Le  Froy;  hardly  slaty,  rust-coated. 

1194A.     Small  bits  from  1194,  showing  black  metallic  oxide,  and 
some  amethystine  quartz. 

1195.  Red  felsyte;  ridge  near  Otter  Tail  P.  0. 

1196.  Qray  quartzyte,  approximating  the  last  in  its  felsitic  aspect- 

1197.  Same  as  the  last,  but  varies  to  a  reddish  quartzyte. 

1198.  Same  as  1196,  but  varies  to  a  gray  quartzyte. 

1199.  From  a  hill  in  line  of  strike  from  1195,  being  a  portion  of 
the  same  ridge  toward  the  N.  W. ;  a  brownish,  red-weathering  felsitic 
rock,  with  a  confused  structure  as  if  originally  a  conglomerate,  con- 
taining much  free  quartz,  and  finely,  but  sparsely  porphyritic  with 
red  feldspar. 

1200.  Gabbro,  from  near  Otter  Tail  P.  0. 
li^Ol.     "Lithographic  stone*';  bottom  land  of  Thessalon  oa  Mr. 

Day's  "limits,"  about  a  mile  below  Otter  Tail  lake. 

1202.  The  same,  showing  free  quartz  in  rounded  grains. 

1203.  Gabbro,  or  dioryte,  similar  to  1200,  about  N.  E.  i  of  sec.  23, 
Plummer. 

1204.  Red  felsyte;  one  mile  south  of  Murray's  corners,  SE.  corner 
of  sec  2,  Plummer.  i 

1205.  The  same,  subcrystalline. 

1206.  Fine-grained,  argillitic  slate,  12  rods  S.  W.  from  1205,  forming 
conspicuous  ridges  that  strike  N.  W. 

1207.  Crystalline  condition  of  1205,  a  little  further  N.  W.  from 
1205,  but  in  the  same  ridge  as  1205;  reddish  seynite. 

1208.  Non-weathered  portion  of  the  same  rock  as  1207;   a  gray 
syenite,  or  quartz  dioryte. 

1209.  Grayish-green     "slate  conglomerate,"    containing  granite    . 
pebbles.     Murray's  hill,  at  Murray's  corners. 

1210.  Dike-rock  cutting  1209,  at  Murray's  hill. 

1211.  Reddish  felsitic  quartzyte,  one-half  mile  south  of  Murray's 
corners,  on  Hugh  Mathesou's  land. 
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1212.  At  li  miles  S.  W.  from  Otter  Tail  P.  0.,  slate  conglomerate 
similar  to  that  at  Murray's  hill. 

1213.  Quartzyte  interbedded  in  these  slates;  like  1211. 

1214.  Pebble  from  this  slate. 

1215.  From  ''the  dump/'  Ansonia  P.  0.  the  rock  adjoining  1172, 
on  the  lower  side,  a  rough,  reddish  felsyte. 

Samples  from  the  Marquette  Segion. 

1216.  Micaceous  hematite,  Cascade,  five  miles  south  of  Negaunee. 

1217.  Hematite,  showing  the  bedded  structure,  some  of  the  layers 
being  pebbles  of  quartz,  Cascade. 

1218.  Quartz-congiomerate  grit,  unconformable  above  the  ore  beds 
at  Cascade,  upper  portion. 

1219.  The  coarser,  lower  portion  of  the  above  conglomerate, 
ivithin  three  feet  of  the  contact  plane. 

1220.  "Chalcedonic  silica"  from  Palmer  (Cascade). 

1221.  Sample  of  the  unconformable  quartzyte-conglomerate  near 
the  contact  with  the  ore-formation  two  and  a  half  miles  west  of  Ish- 
peming,  at  the  old  Saginaw  mine. 

1222.  Same  at  20  reds  north,  rising  20  feet  higher. 

1223.  Granular  quartzyte,  one  mile  west  of  Ishpeming. 

1224.  Slaty  rock,  interbedded,  but  overlying  the  last;  slight  ezpo- 
«ure  in  the  road. 

1225.  Two  and  a  half  miles  N.  W.  from  Ishpeming;  a  pebbly 
greenstone,  also  porphyritic,  with  some  bits  of  broken  schist. 

1226.  Sample  uf  the  main  ridge,  from  which  the  last  was  obtained, 
at  the  southeastern  side  of  Deer  lake. 

1227.  Sample  of  the  country  schists,  nearly  adjacent  to  the  ridge 
^1226)  on  the  south  side. 

1228.  Purplish  to  reddish,  fine-grained  quartzyte,  at  the  railroad 
•cut  a  little  further  west. 

1229.  Massive,  basaltic  greenstone;  same  railroad  cut. 
1230     Basaltic,  conglomeritic  greenstone;  same  place. 

1231.  Chemical  limestone,  from  the  serpentinous  rocks  at  the 
Hopes  gold  mine,  five  miles  N.  W.  from  Ishpeming. 

1232.  Talc,  associated  intimately  with  1231. 

1283.  The  rock  of  the  country  at  the  Ropes  gold  mine,  apparently 
the  same  as  1225,  1229  and  1230. 

12'^3A.     Sample  of  the  quartz  vein.  Ropes  mine. 

1234.  Fine-grained  reddish  quartzyte;  east  side  of  the  river  below 
Dear  lake. 
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1235.  Green  ''soapstone,**  with  martite;  Cleveland  mine. 

1236.  Light,  sericitic  soapstoue;  Cleveland  mine. 

1237.  Martite,  in  green  "soapstone;"  Cleveland  mine. 

1238.  Magnetic  quartz  schist,  passing  to  iron  ore;  Michigamme 
mine. 

1239.  Dioryte,  from  a  knob  near  gnd  north  from  the  Michigamme 
mine. 

1240.  The  so-called  granite  from  the  range  next  north  of  Michi- 
gamme, three  feet  from  the  contact. 

1241.  Contact  between  the  quartzyte  and  granite,    the    former 
taking  a  gneissic  structure. 

1242.  Quartzyte. 

1243.  Between  the  conglomerate  and  this  quartzyte  this  rusty- 
green,  micaceo-pyroxenic  material  is  found,  about  three  inches  thicks 

1244.  From  a  dike  14  inches  wide,  cutting  the  granite;  fine- 
grained, altered. 

1245.  South  from  the  granite  range  on  isolated  crags  of  gray,  fine,, 
siliceous  schist,  and  on  the  upturned  edges  are  weathered  out  the 
forms  of  small,  garnet-like  crystals. 

1246.  Samples  of  this  same  gray  schist,  or  quartzyte,  with  the 
sedirqentary  structure  evident. 

1247 A..     Coarse,  fragmental,  tough. 

1247B.  Hematite,  interbanded  with  impure,  reddish,  chalcedonic 
silica. 

1247C.     Jasper  rock,  banded  and  clouded. 

These  three  change  by  innumerable  gradations  from  one  to  the 
other.    From  the  Swan  mine,  near  Negaunee. 

1248  Greenish  quartzyte  or  graywacke;  near  the  railroad  cut,, 
north  side  of  the  Buffalo  property,  east  of  Negaunee. 

1249.  Black  slate,  graduating  downward  into 

1250.  A  contorted,  greenish  slate  which  lies,  possibly  unconform- 
ably,  on  the  sUckensided  upper  surface  of  1248. 

1251.  From  an  old,  much  changed  dike,  north  side  of  the  Buffalo 
property. 

1252.  Iron-bearing  condition  of  1249,  from  the  north  side  of  the 
railroad,  north  of  the  Buffalo  mine.  * 

1253.  Gray  quartzyte,  that  cuts  off  the  ore  in  the  Iron  Cliffs  mine, 
near  Negaunee. 

1254.  Nearly  white,  granular  quartzyte,  north  side  of  Teal  lake. 

1255.  Changed  dike,  cutting  1254,  crossed  by  bands  of  color,  due 
to  different  degrees  of  infiltration  of  iron-stain. 
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Samples  from  the  Gogebic  Iron  Range. 

1256.  Alternating  forms  of  the  country  rock,  at  the  Colby  mine, 
near  Bessemer,  Michigan. 

1257.  South  wall,  Colby  mine. 

1258.  Siliceous  slate;   spur  track  from  the  Colby  to  the  Valley 
mise. 

1259.  Sample  of  ore  from  the  stock  pile,  Valley  mine. 

1260.  Hornblende  granite,  south  from  the  Aurora  mine. 

1261.  Gray  quartzyte,  overlain  by  granite,  south  of  the  Aurora 
mine. 

1262.  Quartzyte  slate,  overlain  by  granite,  south  from  the  Aurora 
mine. 

126B.    Black  slate,  from  a  deep  well  drilled  a  short  distance  east  of 
the  Iron  King  mine. 

Samples  from  Minnesota. 

1264.  Gabbro,  on  the  Rove  lake  road,  near  the  south  foot  of  Pine 
mountain. 

1265.  Red  rock,  Brul^  mountains,  north  from  Pine  mountain. 

1266.  From  a  boulder,  N.  E.  i  of  sec.  19,  64-lE. 

1267.  Amygdaloidal    porphyry,   from    boulders,   south    from    the 
North  Brul6;    [This  sample  seems  to  have  been  lost]. 

1268.  Shows  contact  between  rock  1266  and  the  red  rock. 

1269.  Gabbro-like  rock,  north  side  of  sec.  19,  6i-lE. 

1270.  Gneiss,  on  the  trail  to  Northern  Light  lake,  a  short  distance 
north  of  North  lake. 

1271.  Oolitic  bloodstone,  from  a  boulder  near  North  lake. 

1272.  Hardened  Animike,  at  the  rapids  going  out  from  North  lake. 

1273.  Dense  trap,  just  west  of  the  rapids  last  mentioned. 

1274.  Syenite,  a  short  distance  further  west,  north  shore. 

1275.  Trap  (gabbro),  at  a  mile  west  of  the  entrance  of  the  river  to 
Gunflint  lake,  north  shore. 

1276     Modified  "gunflint"  beds  of  the  Animike,  north  shore  of 
Gunflint  lake. 

1277.  Flint  from  the  Animike,  north  shore  of  Gunflint  lake. 

1278.  Kewatin  schist,  mouth  of  the  creek,  east  end  of  the  long 
bay,  north  side  of  Gunflint  lake. 

1279.  Porphyritic  rock,  associated  with  No.  1278. 

1280.  Probably  an  old  eruptive,  belonging  to  the  Eewatin,  north 
shore  of  Gunflint  lake. 
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1281.  Changed  graywacke,   Eewatin;   north  shore  of  the  same 
lake. 

1282.  tiray  gneissoid  rock,  slightly  porphyritic,  north  side  of  Gan- 
flint  lake. 

1283.  Porphyrel;  bluff,  north  shore  of  Gunflint  lake. 

1284.  Argillitic  slate,  interbedded  with  1283. 

1285.  Argillyte,  bedded  in  the  rocks  1281  and  1282. 

1286.  Some  of  the  changed  gray  wacke,  satne  rock  as  1283. 

1287.  The  gray  rock  on  which  the  gabbro  lies;  at  the  May  hew 
iron  location,  Iron  lake. 

1288.  Magaetited  gabbro,  Iron  lake,  from  points  west  of  the  May- 
hew  location. 

1289.  Drift  boulder  of  the  gray  rock  near  the  bottom  of  the  Ani- 
mike.     To  find  the  cause  of  the  rusty  coating.    Iron  lake. 

1290.  A  drift  piece  from  the  same  place,  shows  a  possible  change 
from  magnetite  to  limonite. 

1291.  Sample  of  the  Iron  lake  ore. 

1292.  Sample  of  the  same  showing  olivine  ? 

1293.  From  a  boulder.  Iron  lake,  showing  micaceous  conglomer- 
itic  gneiss. 

1294.  Limonitic  pebbly  conglomerate,  and  breccia,  on  a  traverse 
north  from  Gunflint  lake,  on  the  town  line  (if  extended)  between  T. 
651  and  65-2  W. 

1295.  Jaspery  and  flinty  portions  of  the  last. 

1296.  Eewatin  sericitic  schist,  same  traverse. 

1297.  Sericitic  porphyry,  same  traverse. 

1298.  Soft  sericitic  schist,  same  traverse. 

1299.  Micaceous  rock,  interbedded  with  the  Eewatin  schists,  same 
traverse. 

1300  Represents  the  hornblendic  part  of  the  black,  best. 

1301.  Syenite  gneiss,  same  traverse. 

1302.  Gneiss,  or  granite,  end  of  the  same  traverse. 

1303.  Trap  rock  from  a  dike  in  this  gneiss. 

130^.  Shows  a  blending  of  the  characters  of  the  mica  schist  with 
those  of  the  porphyry. 

1305,  1306,  1307.  Three  different  stages  in  the  change  from  the 
black  fine-grained  rock  to  the  rusty  film  characteristic  of  some  of  the 
Animike. 

1308.  Iron  ore,  near  the  east  end  of  Gunflint  lake,  north  side. 

1309.  A  condition  of  ''muscovado,"  at  the  same  place,  near  con- 
tact with  the  gabbro. 
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1310.  Brecciated  and  angular  fragments  of  flint  and  other  dark 
rocks,  north  shore  of  Gunflint  lake. 

1311.  Is  another  stage  of  this  rusting  rock;  effervesces. 

1312.  A  condition  of  the  trap,  at  the  narrows,  black  and  close- 
jointed. 

1313.  Muscoyado-Iike  rock,  west  of  the  narrows. 

1314.  Porphjritic  gabbro,  or  trap,  Animike  bay. 

1315.  Jasper-flint-quartz-magnetite  schist;  shpre  south  of  Black 
Fly  bay. 

1316.  Gneiss;  north  side  of  Black  Ply  bay. 

1317.  Enclosed  hornblendic  rock  in  1316. 

1318.  Darker  portion  of  the  gneiss,  at  the  first  falls  north  of  the 
narrows  going  out  from  Gunflint  lake.     (This  sample  was  lost.) 

1319.  Fine  siliceous  "muscovado/*  north  side  of  the  point  that 
lies  north  of  the  Animike  bay. 

1320.  Siliceous  ''streamed"  gray  rock,  a  condition  of  1319. 

1321.  Magnetite,  associated  with  1320. 

■ 

1322.  Granular  quartzyte,  gray,  in  fallen  masses,  north  side  of  the 
«ame  point. 

1323.  Gabbro,  at  the  top  of  the  hill  north  of  Animike  bay. 

1324.  Black  slate,  from  near  contact  with  the  gabbro. 

1325.  Ore  with  chert,  &c.     N.  W.  cor.  of  sec.  23,  65-4. 

1326.  Ore  without  chert,  same  place. 

1327.  Underlying  gray  sandrock  or  quartzyte. 

1328.  Gneiss,  from  the  shaft,  N.  W.  cor.  sec  23,  65-4. 

1329.  From  a  dike,  N.  side  of  sec.  22,  65-4. 

1330.  Greenstone,  near  the  quarter  post  between  sees.  20  and  21, 
«6-4 

1331.  Schisted  conditions  of  this  rock. 

1332.  Top  of  the  slope,  same  rock  as  1330. 

1333.  Similar  greenstone,  in  a  ridge  about  80  rods  south  of  the  last. 

1334.  Most  southerly  exposed  part  of  the  same  greenstone. 

1335.  Rock  of  the  hill  north  of  Chub  lake,  a  rather  indefinite 
greenish  rock. 

1336     Iron  ore  from  the  excavation  near  Chub  lake. 
13^7.     Pieces  from  greenstone  and  gneiss  pebbles,  below  the  ore. 
Chub  lake. 

1338.  Gray  quartzyte,  associated  with  this  ore. 

1339.  Hornblendic  portions  of  the  strata  associated  with  the  ore 
at  Chub  lake. 

16 
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1840.  Parplish-gray,  vitreons  quartzy te,  i  mile  west  of  the  ore  pft. 
Chub  lake. 

1841.  Porphyritic  gabbro  near  the  top  of  the  Pewabic  quartzy te. 
Ghob  lake;  interbedded  in  the  quartzy  te. 

1842.  Reddish  gneiss,  but  a  short  distance  north  of  Flying  Cloud 
lake. 

1348.    Pewabic  quartzyte,  sec.  26,  65-5. 

1844.  Gabbro  interbedded  in  the  Pewabic  quartzyte;  sec.  25,  65-5. 

1845.  Same  indefinite  greenstone  as  1885;  from  the  hill  south  of 
Bingoshick  lake. 

1346.    Qreenstone,  at  the  south  shore  of  Bingoshick  lake. 

1847.  Muscovado,  from  the  shore  of  Muscovado  lake,  sec.  36,  65-5. 

1848.  Labradorite  rock  from  the  north  part  of  sec.  11,  64-5,  south 
side  of  Bashitanekueb  lake. 

1849.  Talcose  slate,  a  schistose  greenstone,  from  a  fragment  seen 
on  the  portage  from  Eakego  lake  to  Clothespin  lake. 

1860.  From  the  north  side  of  the  point,  sec.  82,  65-6,  Gabemichi- 
gama  lake,  showing  apparently  a  finely  f ragmen tal  condition  of  the 
rock  that  lies  below  the  gabbro. 

1351.  S.  W.  i  sec.  29,  65-5;  fragmental,  sedimentary  tilted  Ani- 
mike. 

1852.     Same  as  1851,  but  coarser. 

1858.  Same  as  4;he  last,  but  still  coarser,  a  gray  grit. 

1354.  Samples  of  Animike,  obtained  a  little  south  of  the  centre  of 
sec.  29,  65-6. 

1355.  Animike^  from  N.  E.  i  sec.  81,  65-6,  shore  of  Gabemichi- 
gama  lake,  bedded  with  rock  like  1854. 

1356.  At  about  the  center  of  N.  E.  i  sec.  81,  65-5,  Ogishke  con- 
glomerate. 

1857.  Fine-grained  beds,  siliceous,  granular,  a  little  N.  E.  from 
the  last. 

1358.  Gray  feldspathic  rock,  south  shore  of  Gabemichigama  lake, 
where  the  Ninth  correction  line  intersects  the  shore. 

1859.  Biotitic  gneiss,  from  the  same  place  as  the  last. 

1360.  A  little  further  west,  gabbro. 

1361.  About  on  the  town  line  between  64-5  and  64-6  W.,  sees.  6 
^nd  1,  basaltic  greenstone  dike. 

1862.     Pewabic  quartzyte,  magnetited,  hornblendic,  etc.,  from  the 
iron  cliff  on  the  south  side  of  Gabemichigama  lake. 
1868.     From  near  the  bottom  of  the  same  cliff. 
1364.    Also  from  near  the  bottom,  freshly  exposed  by  a  landslide. 
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1365.  A  little  northeast  from  the  ^'narrows'*  of  Gabemichigama 
lake;  heavy,  banded,  olivine-bearing  quartzyte. 

1366.  Gabbro,  line-grained,  jast  at  the  entrance  to  the  narrows, 
interbedded  with  Animike. 

1367.  Various  samples  obtained  in  the  ascenl  of  the  hill  from  the 
shore  of  Gabemichigama  lake,  situated  at  the  west  side  of  the  lake, 
intended  to  show  the  features  that  might  be  considered  of  sediment- 
ary origin. 

1368.  Various  samples  from  the  same,  which  seem  to  be  of  true 
doleryte,  from  near  the  summit  of  the  same  hill. 

1369.  So-called  marble,  N.  E.  end  of  Ogishke  Muncie  lake,  sec. 
S4,  65-6. 

1370.  Argillitic  slate,  lying  next  west,  along  the  lake. 

1371.  Sample  of  the  ''marble,*'  from  the  hill,  further  east,  in- 
volved with  the  greenstone  conglomerate. 

1372.  Samples  of  the  greenstone  conglomerate,  with  traces  of 
sedimentary  structures,  and  fragments  of  other  strata  involved,  sec.  34, 
66-6,  shore  of  Ogishke  Muncie  lake. 

1373.  Small  contorted  masses  of  cherty  argillyte  embraced  in  the 
same  conglomerate. 

1374.  Rounded,  concretionary,  or  pebble-like,  small  masses,  re- 
sembling, or  suggesting  shells,  seen  on  a  weathered  surface  of  the 
same  conglomerate. 

1376.  In  sec.  13,  adjacent  to  the  above,  in  the  narrow  place  be- 
tween Ogishke  Muncie  lake  and  the  lake  south  of  Townline  lake. 
Schistosely  disintegrating,  light  green  and  siliceous  condition  of  the 
same  conglomerate. 

1376.  Greenish  argillyte,  from  this  conglomerate. 

1377.  Piece  of  a  pebble  from  the  conglomeritic  part. 

1378.  Rusty  carbonate,  appears  in  patches  in  this  rock. 

1379.  Gritty  greenstone,  south  end  of  the  east  bag  of  Saddle  Bags 
lake,  on  the  town  line  between  66-6  and  6. 

1380.  The  same  from  the  east  side  of  the  east  bag  of  Saddle  Bags 
lake. 

1381.  Greenstone  from  the  west  side  of  Frog  Rock  lake. 

1382.  The  same  from  near  the  center  of  sec.  19,  66>5,  south  of 
Frog  Rock  lake. 

1383.  Greenstone  rock  from  the  center  of  the  same  section. 

1384.  Associated  with  the  last,  interbanded  with  it,  and  finer- 
grained. 
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1385.  Argillyte  showiDg  fine  ripple-marks,  west  end  of  O^ishke 
Muncie  lake. 

1386.  Rock  from  the  summit  of  the  East  Twin  mountain,  a  coarse 
greenstone. 

1387.  Finer  greenstone,  from  the  north  slope  of  the  same  hill. 

1388.  Coarser  greenstone  again,  nearer  the  base  of  the  main    hill, 
apparently  eruptive  rock. 

1389.  Both  coarser  and  finer,  at  the  bottom  of  the  same  bill. 

1390.  Greenstone  from  the  subordinate,  more  northerly  hill-ran^e. 

1391.  Flinty  quartzyte,  incipiently  porphyritic;   Arom  the  same 
Subordinate  ridges. 

1392.  Imperfectly  porphyritic  quartzyte,  or  cherty-quartzyte,  and 
black  cherty  same  hill  range. 

1393.  Further  north;  rock  representing  several  small  hills  or  hill- 
ranges;  a  gritty  greenstone,  a  moditied  sedimentary. 

1394.  Chalcedonic  silica,  and  samples  closely  related,  all  inclosed 
in  and  banded  together  iH  1393.     Same  hills. 

1395.  Conglomcritic  ''greenstone,"  showing  some  sedimentary 
structure  of  itself,  a  widely  disseminated  rock,  same  hills. 

1396.  Hardened  and  basaltic  gray  wacke,  from  the  hill  directly  east 
of  Alpha  lake. 

1397.  Dike  (?)  cutting  the  same,  near  the  lake  shore. 

1398.  Porphyry  (or  porphyrel),  S.  W.  corner  of  sec.  29,  65-6. 
1»S99.    Weathered  surfaces  of  the  same. 

1400.  The  same  porphyrel,  from  the  south  side  of  the  lake,  in  close 
proximity  to  the  great  dike  of  Eekekebic  lake. 

1401.  The  dike  which  crosses  Eekekebic  lake.  This  forms  two 
islands  in  the  lake. 

1402.  The  rock  on  west  of  the  dike  in  the  southerly  of  these  islands; 
fine,  red- weathering  gneiss.     The  sample  is  gray. 

1403.  A  little  further  west,  the  same  gneiss,  somewhat  approaching 
the  porphyry  1400. 

1404.  Hardened  gray  wacke-like  greenstone,  from  a  ridge  near  the 
center  of  s»c.  31,  65-6. 

1405.  Quartzose  rock  with  a  finely  porphyritic  tendency.  From 
the  point  N.  W.  i,  S.  W.  i  sec.  31,  65-6,  on  the  south  shore  of 
lake  Eekekebic. 

1406.  Oreenish-schist  conglomerate,  same  place  as  1405. 

1407.  Porphyry,  south  shore  of  lake  Eekekebic,  at  the  narrows. 

1408.  Porphyry,  from  the  island  west  of  Stacy  island. 
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1409.  Ghloritic  schist,  from  the  litte  island  just  west  of  the  nar- 
rows, near  the  north  shore. 

1410.  From  the  top  of  the  same  island;  the  same  rock. 

1411.  From  the  middle  of  the  south  cliff,  same  island;  more  sili- 
ceous, and  showing  sedimentary  banding. 

1412.  The  same,  near  the  water,  having  boulders  of  rock  like  itself. 

1413.  The  same,  with  hard  lenticular  sheets. 

1414.  Near  the  south  side  of  sec.  35,  65-7;  different  forms  of  por- 
phyry in  a  low  bluff  at  the  shore. 

1415.  The  same  place;  the  greenish  rock  underlying  1414. 

1416.  Red(\ish  porphyritic  srneiss,  showing  the  intergrading  of  the 
gneissic,  the  porphyritic  and  the  conglomeritic  characters  of  this  rock. 

1417.  The  same  rock;  Shingwak  island  (north  of  Animike  I.)  in 
Kekekebic  lake. 

1418  From  the  same  island;  the  red  crystals  being  in  bands  that 
alternate  with  others  of  a  greenish  biotitic  rock. 

1419.  From  a  very  small  island  directly  south  of  Shingwak  island; 
a  fine-grained  greenish  graywacke. 

1420.  West  end  of  Animike  island. 

1421.  S  W.  end  of  lake  Kekekebic;  sec  4,  64-7.  Somewhat  mica- 
ceous (biotitic)  conglomeritic. 

1422.  From  a  small  island  south  of  the  point,  west  part  of  sec.  3, 
64-7;  a  greenish  rock,  with  sparsely  disseminated  red  Crystals. 

1423.  Qreen  schistose  conglomerate;  at  the  head  of  the  bay  on  the 
town  line,  west  end  of  Kekekebic  lake. 

1424.  Pebble  like  forms  in  1423. 

1425.  From  a  dike,  north  shore  of  the  same  bay. 

1426.  S.  E.  i  of  sec  34,  64-7,  near  the  head  of  the  broad  shallow 
bay.  the  greenish,  graywacke  beds  seem  to  show  a  tendency  toward 
the  characters  of  the  porphyry. 

1427.  Found  on  the  portage  from  Spoon  lake  northward.  A 
fragment  showing  the  "red  rock"  in  veins  cutting  the  biotitic  gneiss. 

1428.  The  rock  forming  the  point  in  Knife  lake  N.  E.  cor.  sec.  28, 
65-7,  a  dark  siliceous  slate. 

1429.  At  the  summit  of  the  divide,  on  the  first  portage  from  Knife 
to  Pseud o-Messer  lake,  siliceous  slate. 

1430.  Oabbro,  a  little  below  the  summit  and  on  the  north  slope, 
same  portage. 

1431.  At  the  portage-landing,  south  side  of  Pseudo-Messer  lake. 
Argillitic  slate. 
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1432.  From  the  point  north  from  the  portageJanding,  on  the  east 
side,  in  Pseudo-Messer  lake.  Reddish-weathering,  pyritiferons  shitty 
felsyte,  firm  and  sharp  in  fracture. 

1433.  Directly  across  the  Pseudo-Messer  lake,  from  the  portage - 
landing,  soft  schistose  greenstone,  with  '' chalcedonic  silica**  and 
jaspilyte. 

1434.  Ghalcedonic  silica,  so-called,  embraced  in  lumps  in  1433. 
1436.    Hematitic  jaspilyte,  embraced  in  the  same. 

1436.  Micaceo-syenitic  gneiss;  sec.  10,  64-10,  Babsi-menan  Cot 
Bass  wood)  lake. 

1437.  Mica  schist,  from  S.  W.  i,  sec.  5,  64-10,  long  peninsula  in 
Bassi-menan  lake. 

1438.  Changed  gray  wacke,  from  the  S.  E.  end  of  the  portage,  S. 
E.  i  sec.  6,  64-10. 

1439.  Bluff  on  the  right  bank,  just  below  the  Pipestone  rapids, 
greenstone. 

1440.  Fine  mica  schist,  same  bluff. 

1441.  Light-colored,  reddish,  chloritic  granite.    Cuts  1439  and  1440. 
1442     Just  abore  the  rapids,  right  bank,  from  large  pieces  appar- 
ently derired  from  the  bluff,  the  rock  in  aitu  being  hid. 

1443.  Shining  sericitic  schist,  from  the  portage  from  Newton  lake 
to  Fall  lake. 

1444.  Oreei^tone  that  replaces  abruptly  the  jaspilyte,  at  the  head 
of  the  portage  from  Fall  lake  to  Garden  lake. 

1446.  Quartzyte,  at  the  place  known  as  Silver  city,  at  the  rapids 
between  Garden  and  White  Iron  lakes. 

1446.  Eleven  samples  showing  the  variations  in  this  rock,  and  the 
associations  of  the  ore. 

1447.  N.  E.  i,  S.  E.  i  sec.  28,  63-12  on  the  north  shore,  not  far 
east  of  Silver  city.  A  firm  dark  rock,  in  some  places  schistose  by 
decay. 

1448.  Greenstone,  N.  W.  i  sec.  4,  62-14.  Recent  drilling  for  iron 
has  been  done  here. 

1449.  White  schist,  (talc?)  from  the  Stone  mine.  Tower. 

1450.  Light-colored,  green  siliceous  rock,  mainly  massive;  cut  by 
the  Tower  spur  track  from  the  mines. 

1451.  A  form  of  the  jaspilyte  that  is  gray  and  white,  with  pyrite 
and  magnetite,  sec.  2,  61-15,  interchangeable  with  jasper  and  hematite, 

1452.  Graphite,  associated  with  the  same. 

1453.  Asbestine  ore.  Black  River  Falls,  Wis.,  associated  with  the 
magnetic  ore  of  the  York  opening. 
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1454.  Asbestine  with  a  fold  in  the  fiber,  Black  River  Falls,  Wis., 
41 1  the  York  opening. 

1455.  Granite,  near  the  furnace  of  the  York  Iron  company.  Black 
BiTer  Falls. 

1456.  Gray  jaspily  te,a  form  from  Black  River  Falls,  Wis. ,  just  south- 
west from  ^'Mound  No.  1,'*  near  the  river,  and  nearest  the  granite. 
The  bedding  is  about  vertical  but  curiously  twisted  and  curled,  strike 
nearly  east  and  west.  This  is  the  most  southerly  point  at  which  (here) 
the  magnetic  quartz-schist  can  be  seen. 

[Note. — The  ^'soap  rock"  here  is  the  sericitic  schist,  and  is  ap- 
parently a  rock  with  a  sedimentary  comform ability  with  the.  magnet- 
ic schist.  The  magnetic  schist  varies  to  a  hematitic  schist.  It  is 
magnetic  at  the  York  opening,  and  hematitic  at  the  Dubuque.  The 
latter  underlies  the  former,  and  they  both  seem  to  run  below  the 
granite  in  the  river  adjacent  at  an  angle  which  is  generally  15°,  but  at 
the  York  opening,  near  the  river,  is  no  more  than  2°.  A  dike  of  rotted 
greenstone  runs  about  E.  and  W.  across  the  mound.  It  is  seen  at  the 
opening  near  the  river,  at  the  west  end,  and  again  at  the  opening 
further  east,  in  a  similar  ore,  cutting  diagonally  across  the  sediment* 
ary  structure. 

The  sedimentary  bedding  in  all  the  ''ridges*'  containing  iron 
ore  in  the  vicinity  of  Black  River  Falls,  has  a  dip  toward  the  south, 
i.  e.  toward  the  granite  and  not  toward  the  north  away  from  the 
granite.    The  latter  was  reported  by  the  Wisconsin  geologists  ] 

The  following  is  a  list  of  the  specimens  taken  and  described  by  Mr. 
Stacy  to  illustrate  his  excursions  on  the  north  shore  of  Gunflint  lake. 
The  order  in  which  they  are  numbered  is  that  in  which  they  were 
discovered  in  the  excursion  from  the  lake  shore,  northward. 

BXCUBSION  I. 

1457.  Outcrop  at  water's  edge — fine-grained  light-gray  slate — 
strike  E.  IS*'  N.    (This  is  the  true  meridian.) 

1458.  30  feet  north  of  shore — coarse-grained  oolitic  slate,  resem- 
bling siliceous  gray  wacke. 

1459.  40  feet  north  of  shore — dark  oolitic  slate-Hitrike  E.  IS"*  N. 

1460.  400  feet  north  of  shore — dark  siliceous  slate — strike  E.  12^  N. 
—occurs  in  bluff  60  feet  high  and  80  feet  broad  at  summit. 

1461.  600  feet  north  of  shore — gray  compact  granular  schist,  some- 
what massive  and  finely  oolitic — occurs  interbedded  with  same  slate 
as  1460. 
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1462.  1200  feet  north  of  shore— in  blaff  100  feet  high,  black  fine- 
grained slate. 

1463.  Same  location — same  slate  more  siliceoos  and  oolitic  ^th 
specimen  of  trap  in  contact. 

1464.  Same  location — similar  to  1461,  but  coarser,  pebbly,  a  por- 
phyri'l  with  graywacke-like  base :  two  samples. 

1465.  Same  location — trap-like  schist,  greenish-gray,  somewhat 
sericitic — occurs  irregularly  interbedded  with  1462-3,  and  often  ap- 
pearing to  intersect  more  as  a  dike. 

1466.  Same  location — a  form  of  1465  more  distinctly  laminated  and 
schistose  resembling  sericitic  schist,  a  weathered  condition  of  1465. 

1467.  Same  location — a  dark,  tough,  trap-like  rock  occurring  in 
dikes  with  1462-3,  and  resembling  a  fine-grained  gabbro. 

1468.  Same  location — same  as  last,  finer-grained,  more  weathered, 
the  weathered  surface  exhibited. 

1469.  1600  feet  north  of  shore — gray,  compact,  flinty  .argillaceous 
rock,  schistose  but  unlaminated. 

1470.  Same  location — micaceous  porphyrel  interbedded  with  1469 : 
two  specimens. 

1471.  1800  feet  north  of  shore — dark-gray  hydro -mica  schist,  sim- 
ilar to  lustrous  gray wacke,  like  1470  but  not  porphyritic— occurs  in- 
terbedded with  chert  and  slate,  resembling  1462  and  1469. 

1472.  2700  feet  north  of  shore— black  siliceous  slate — occurs  in 
successive  bluffs  interbedded  with  a  more  massiye  slate. 

1473.  A  porphyrel  which  occurs  with  the  slate. 

1474.  Same  location — massive,  lustrous,  siliceous  slate  in  thick 
lamines  interbedded  with  1472 — abounds  in  many  bluffs  for  a  quarter 
of  a  mile  northward. 

1475-6-7-8.  3600  to  4000  feet  north  of  shore— different  conditions  of 
apparently  the  same  rock  in  varying  stages  of  decomposition:  1478 
being  trap-like,  compact  and  dark;  and  1475  being  light  greenish  gray, 
thinly  laminated,  and  apparently  a  hydro-mica  schist. 

The  last  specimens  occur  in  an  immense  bluff  of  from  150  to  200 
feet  elevation  and  are  irregularly  interbedded  with  the  dark  slates 
1472-4.  and  much  contorted  in  places.  The  bluff  at  the  highest  point 
of  elevation  is  capped  with  gabbro.  A  swamp  lies  immediately  north 
of  the  bluff  at  a  descent  of  nearly  200  feet 

BZCUBSIOK  II. 

Specimen  1479.    60  feet  from  shore — sericitic  micaceous  porphyrd. 
1480.    Same  location — cherty  schist. 
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1481.  Same  location— slate— strike  varies  from  E.  IS""  N.  to  E.  IS"" 
N. — Note :  1479-80-1  occur  interbedded  for  600  feet  northward. 

1482-3.  550  feet  north  of  shore — micaceous  sericitic  schist— occurs 
with  1481  and  extends  northward  400  feet,  graduating  into  1484,  &c» 

1484-5-6-7.  800  to  2000  feet  north  of  shore— ^hloritic,  micaceous 
and  hornblendic  schists,  varying  from  massive  to  schistose  according 
to  weathering,  and  occurring  in  numerous  ridges  and  knolls. 

1488.  Same  location — flint-like  and  massive — occurs  in  ridge  in 
swamp. 

1489.  2500  to  8000  feet  north  of  shore— lustrous,  dark  gray,  mica- 
ceous and  sericitic  schist — occurs  interbedded  with  slate  and  chert. 

1490.  Same  location — hornblendic,  trap-like  micaceous  schist, 
pebbly  and  granular— interbedded  in  slate  and  chert. 

1491.  3500  to  5000  feet  north  of  shore — syenitic  porphyrel,  appears- 
to  contain  hornblende  and  feldspar  crystals  in  a  sericitic  base — [This 
is  the  beginning  of  the  black  belt  formation]. 

1492.  Same  location — same  as  1491,  but  more  sericitic  and  schistose. 

1493.  Same  location — hornblendic  and  feldspar  schist. 

1494.  Same  more  micaceous. 

1495.  Black  lustrous  mica  and  hornblende,  fine -grained  schist  like 
that  found  a  mile  east — [This  is  the  black  belt  sought]. 

1496.  Same  as  1495 — showing  contact  with  the  syenitic  porphyrel. 

1497.  Hornblendic,  sericitic  schist. 

1398.    Hornblendic  gneiss,  containing  large  black  crystals. 

1499.  Gneiss. 

1500.  Syenite— mile  and  a  quarter,  or  about,  from  lake. 
Specimens  1491-1499  are  of  one  formation  and  lie  in  successive- 
terraces  and  ridges  for  over  a  quarter  of  a  mile  until  1500  is  reached^ 
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KEPORT   OP   A   GEOLOaiClL    SURVEY    IN    MINNESOTA 

DURING  THE  SEASON  OP  1887. 
Embbaoikg  Gompabatiyb  Obsbbyations  in  Soxb  Othbb  Rbgions. 

Bt  Albxandbk  Winchell. 


§  1.— PBBLIMIKABIES. 

1. — The  Regions  covered  by  the  observations  of  1887.  The  first  part  of 
the  season  was  devoted  to  comparative  observations  in  the  region  of 
the  typical  Huronian  formations  north  of  lake  Haron;  to  a  review  of 
portions  of  the  Marquette  iron -bearing  region,  a  brief  visit  to  the 
Gogebic  range,  and  a  stady  of  the  geology  of  the  Penokee  Gap.  These 
etudies  upon  territory  already  worked  up,  to  a  considerable  extent,  by 
American  and  Canadian  geologists,  seemed  indispensable  to  a  proper 
-correlation  of  the  rocks  of  northeastern  Minnesota  with  the  facts  ex- 
isting in  other  parts  of  the  continent,  and  the  interpretations  which 
had  been  placed  upon  them  by  preceding  investigators. 

With  this  preparation,  work  was  resumed  in  northeastern  Minne- 
Bota,  and,  before  the  end  of  the  season,  was  carried  to  the  extreme 
limit  of  the  state.  In  reaching  the  meridian  at  which  the  operations 
of  last  season  were  interrupted  by  the  advent  of  inclement  weather, 
I  embraced  the  opportunity  tu  supplement  and  complete  observations 
on  some  portions  of  the  territory  covered  by  my  report  of  1886— es- 
pecially in  Burntside,  Basswood  and  Sucker  lakes.  Parts  of  Garden 
lake  were  also  subsequently  reviewed  The  territory  new  to  my  own 
studies  extends  from  Range  7  west  to  Range  5  east,  and  from  Town  64 
north  to  Town  67  north,  and  beyond,  into  Canadian  territory;  or  from 
the  western  extremity  of  Knife  lake  to  Grand  Portage  on  the  east,  and 
the  northern  shores  of  Saganaga  lake,  on  the  north.  The  actual  ob- 
eervations  extended  into  eighteen  different  townships.  The  following 
are  the  lakes  whose  shores  were  geologically  investigated : — Burntside, 
Basswood,  Sucker  and  Garden,  supplem^ntarily;  Pseudomesser,  Knife, 
Ottertrack,  Oak,  Saganaga,  Red-Rock,  W*>st  Seagull,  Seagull,  Granite, 
Pine,  Gunflint,  Loon,  Iron,  North,  South,  Rose  or  Mud,  Rove,  Moun- 
tain, Moose,  North  Fowl,  South  Fowl.  Frog-Rock,  Townline,  Ogishke- 
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muncie,  Crab,  and  Epsilon  lakes.  The  vicinity  of  the  streams  con* 
necting  these  lakes  was  also  studied.  Of  these,  the  Boundary  riyer, 
flowing  west,  and  Pigeon  river,  flowing  east,  are  the  most  important. 

2. — Conditions  of  the  exploration.    The  mode  of  travel,  as  lasfc  sea- 
son, has  been  by  birch  bark  canoes,  over  the  numerous  lakes  and 
navigable  streams,  and  intervening  portages.     To  accomplish   the 
geological  work  of  the  season,  ninety-six  portages  had  to  be  made, 
aggregating  thirty-eight  miles.     When  the  time  and  labor  necessitated 
by  the  portages  are  considered,  with  the  time  and  labor  occupied  in 
affairs  about  camp  and  in  protection  against  bad  weather,  together 
also,  with  the  time  required  for  paddling  several  hundred  miles,  it 
becomes  apparent  that  the  net  time  and  strength  left  for  actual  scien* 
tific  work  are  comparatively  meagre.     When  it  is  further  considered 
that  the  actual  work  has  to  be  carried  on,  many  times,  under  most 
di£Scult  circumstances — over  mountain  precipices,  in  deep,  slippery 
gorges,  along  high  and  almost  inaccessible  cliffs,  under  the  intense 
heat  of  a  summer  sun,  or  the  chilling  effects  of  a  drizzling  rain,  with 
the  haste  sometimes  necessitated  by  an  impending  storm  or  an  ap* 
proaching  sunset,  and  all  in  the  midst  of  au  incessant  and  bloody 
conflict  with  the  northern  hordes  of  merciless  insects,  it  must  become 
apparent  that  geological  fieldwork  in  a  region  like  this  is  difficult  and 
fatiguing — far  from  the  summer  pastime  which  is  sometimes  pictured. 
But  though  such  statements  seem  required  for  a  just  appreciation  of 
the  labors  of  the  geologist,  it  must  be  understood  that  his  work  is 
prosecuted  with  a  cheerfulness  and  zeal  inspired  by  a  love  of  nature, 
even  under  her  rudest  aspects,  and  a  thirst  for  knowledge  which 
knows  no  discouragement  in  the  pursuit  of  its  gratification.      Of 
peculiar  interest  has  been  the  work  in  northeastern  Minnesota,  since, 
in  addition  to  being  a  field  little  known,  it  promised  to  supply  the 
facts  which  would  point  to  a  final  solution  of  long  pending  geological 
problems. 

3. — Physical  aspects  of  the  region.  No  conspicuous  features  of 
mountain  relief  traverse  the  country,  though  a  low,  interrupted  swell, 
called  the  Giant's  range,  trends  east  and  west  through  the  sixty-fifth 
tier  of  townships,  becoming  most  conspicuous  in  range  4  west,  and 
continuing  eastward  into  Canada;  and  another  series  of  still  higher 
reliefs,  stretching  through  the  south  part  of  tier  65,  and  west- 
ward into  the  north  part  of  tier  64,  is  known  as  the  Mesabi 
range.      This  is  not  the  Mesabi  range  of  the  vicinity  of  Tower.* 

•On  thepe  rangei,  im  N.  H.  Winehell,  Thirteenth  Ann.  Rep.,  1881,  pp.  9>-tl. 
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The  Giant's  range  is  formed  by  an  uplift  of  syenite,  which  in  breadth 
stretches  northward  to  the  north  part  of  Saganaga  lake  and  southward 
to  near  Gunflint  lake,  and,  with  a  southwestward  continuation,  which 
will   be  considered  in  due  connection.    The  east-west  ranges  which 
culminate  in  the  so-called  Mesabi  range  are  formed  of  gabbro,  resting: 
chiefly  on  cliffs  of  Animike  slate,  and  their  geology  will  also  be  con- 
sidered in  the  proper  connection.    The  gabbro-crowned  hills  occur  in 
the  eastern  portion  of  the  district  examined,  and  impart  to  it  an  ex-^ 
ceedingly  rugged  character.    The  ranges  present,  generally,  an  abrupt 
descent  along  the  northern  aspect  and  a  gentle  descent  toward  the 
south.     The  northern  slope  consists  mostly  of  a  vertical  precipice  of 
rudely  columnar  gabbro  at  the  summit,  with  a  vertical  wall  of  slate 
beneath,  and  a  long  talus  of  fragments  sloping  to  the  water  level. 
The  gabbro  precipice  is  sometimes  fifty  to  one  hundred  feet  high. 
This  measures  the  thickness  of  the  gabbro  covering  the  country.    The 
slate  cliff  has  generally  an  equal  thickness;  and  the  vertical  hight  of 
the  talus  is  even  greater.     Between  the  east-west  ranges  the  little 
lakes  are  lodged  which  supply  the  chief  means  of  communication 
across  the  country.    A  sparse  growth  of  jack  pines  once  covered  these 
gabbro  ranges,  but  at  present  they  are  almost  completely  denuded. 
A  little  soil  is  accumulated  along  the  southward  slopes  of  the  ranges 
and  the  northern  lake  borders;  but,  as  a  general  statement,  the  sur- 
face is  rugged  and  uncultivable.     The  regions  of  syenitic  outcrop  are 
even  more  rocky  and  sterile  than  the  gabbro  district.    It  is  impossible 
to  conceive  a  country  of  more  desolate  aspect  than  that  along  the 
rapid  Boundary  river  between  Ghranite  and   Ounflint  lakes.     The 
entire  region  bordering  Seagull,  West  Seagull  and  Saganaga  lakes  is, 
with  the  exception  of  occasional  small  tracts,  a  continuous,  undulat* 
ing  floor  of  shattered  syenite.     The  region  of  Knife  lake,  with  its 
long  arms,  lies  north  and  west  of  the  syenite  of  the  Giant's  range; 
but  the  schists  weather  in  beetling  cliffs  and  rugged  contours,  afford- 
ing but  contracted  space  for  forest  growths,  and  supporting  little  soil 
adapted  to  cultivation.    Still  further  west,  the  physical  features  be- 
come  more  subdued,  especially  in  the  parts  uuderlaid  by  schists;  but 
the  granite  borders  of  Basswood  lake,  like  the  northern  border  of 
Burntside,  still  further  west,  present  a  forbidding  aspect  to  the  agri 
culturist;  while  along  the  Boundary  river,  northwest  of  Basswood 
lake,  the  granite  region  presents  its  characteristic  barrenness  fully 
developed. 

4. — Aspects  of  the  vegetation.    The  region  between  Fall  lake  and 
Grand  Portage,  and  north  of  Grand  Marais,  is  a  literal  wilderness 
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without  inhabitant,  without  mails,  without  roads,  and  with  onlj  an 
occasional  party  of  Indians  or  explorers,  following  the  ancient  and 
•overgrown  trails  of  two  centuries  ago.  Fires  have  denuded  the  region 
of  its  primitive  forest;  but  the  older  burnings  are  becoming?  over- 
grown chiefly  by  dense  thickets  of  the  trembling  aspen  (Populus  ire- 
muloides),  and  in  places,  by  the  white  paper  birch  {Betula  papyracea). 
with  occasional  cherries  (Prunus  pennsylvanica).  Remnants  of  the 
-original  forest  consist  of  white,  Norway  and  Jack  pines,  balsams, 
spruces  and  cedars,  with  intermixtures  of  white  birch,  aspen  and  bal- 
rsam  poplar  (Pqpulus  balsamifera).  In  very  limited  areas,  the  white 
and  Norway  pines  have  attained  noble  dimensions — especially  along 
the  Pigeon  river.  On  the  portage  between  Rose  and  Rove  lakes,  I 
measured  a  white  pine  three  feet  in  diameter.  Other  large  examples 
of  white  and  Norway  pines  were  scattered  about.  In  the  more  strictly 
granitic  regions, the  Jack  pine  (Pinus  banksiand)  slender  and  mast-like, 
forty  to  sixty  feet  high,  is,  or  has  been,  almost  the  exclusive  occupant, 
maintaining  its  hold  in  situations  where  neither  soil  nor  moisture 
would  seen  accessible.  In  some  districts,  especially  the  syenitic  re- 
gions along  the  Giant's  range,  where  fires  have  swept  over  the  surface, 
the  skelton  forms  of  the  slender  Jack  pines  still  stand  like  huge  bris- 
tles along  the  crests  and  slopes  of  the  rugged  ridges. 

In  the  soil-covered  tracts,  an  undergrowth  of  striped  maple  (Acer 
^ieatum)  frequently  exists,  which  thrives  with  amazing  luxuriance, 
while  iu  the  openings,  and  over  many  burned  areas,  the  red  raspberry 
flourishes  and  fruits  in  great  productiveness,  regardless  of  the  stony 
nature  of  the  soil;  and  the  welcome,  unpretentious  blueberry  holds 
possession  of  granitic  and  schistic  knobs,  even  when  deserted  by  all 
other  forms  of  woody  vegetation.  The  raspberries,  during  August 
and  September,  supply  an  abundant  and  very  welcome  article  of  food. 
The  former  are  found  at  the  same  time,  especially  during  September, 
in  all  stages  of  development,  from  the  green  fruit,  just  out  of  flower, 
to  the  ripe  fruit  on  the  same  stem.  This  ever-bearing  variety  would 
seem  to  be  worthy  the  attention  of  horticulturists. 

The  blueberry  {Vaccinium  canadense)  flourishes  with  luxuriance  in 
inverse  ratio  to  the  amount  of  soiL  On  the  most  rocky  hills  it  fruits 
in  such  abundance  as  to  impart  a  blue  aspect  to  a  distant  slope.  At 
Blueberry  rapids,  in  the  Giant's  range,  I  cut  one  stem  with  four 
elongated  clusters  of  large  berries^  and  in  one  cluster  were  seventy- 
two  berries.  On  a  granite  hill  near  the  Pigeon  river,  I  observed  a 
distinct  form  of  blueberry  growing  side  by  side  with  the  ordinary 
form.    Its  hight  was  only  about  two  inches,  and  very  uniform,  but  it 
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bore  abundant  large  pear-shaped  berries,  somewhat  less  sweet  and 
meaty  than  those  of  the  ordinary  form.  If  this  is  the  dwarf  blue- 
berry (Vacchtium  pennsylvanicum)^  the  shape  of  the  fruit  ought  to  be 
mentioned  as  a  characteristic  feature.  I  never  saw  it  in  any  other 
situation. 

Most  of  the  low  grounds  are  occupied  by  the  common  alder  {Alnus 
viridu)^  and  this  hardy  shrub  frequently  overhangb  the  borders  of  the 
lakes  and  streams.  But  a  more  frequent  fringe  of  the  waters  is 
formed  by  a  luxuriant  growth  of  the  fragrant-leaved  bayberry  (appar- 
ently Myricngale)y  which  weaves  a  barrier  almost  impassable.  With 
the  alders,  but  more  generally  grouped  by  themselves,  are  species  of 
willow  not  exceeding  the  alders  in  hight.  Pour  species  of  cherries 
have  been  noticed,  of  which  the  wild  red  cherry  {Prunus  pensyha- 
nica) — a  sort  of  choke  cherry,  is  most  generally  distributed.  The  ra- 
cemed  black  cherry  (P.  virginiana)  having  also  a  choking  quality,  and 
apparently  the  well  known  red  choke  cherry,  is  found  frequently  on 
rocky  taluses;  and  the  fine  large-fruited,  black  dwarf  cherry  (P.  pu- 
mila)  is  occasionally  met  along  the  borders  of  lakes,  keeping  company 
with  Myrica  and  Azalea.  The  sweet  black  cherry  (P.  serotina)  is  oc- 
casionally seen.  The  fire-red  fruit  of  the  mountain  ash  (Pyrus  arhu- 
ti/olia)  frequently  gleams  through  the  prevailing  green  and  brown  of 
the  lak»'8ide  foliage;  and  in  the  far  east  and  along  the  Pigeon  river, 
the  high  cranberry  {Fiburnum  opulus)  in  its  fruiting  season  is  sim- 
ilarly conspicuous. 

Among  the  low  herbs,  the  dwarf,  scarlet  fruited  cornel  (Cornus  cana- 
densis) is  generally  abundant,  growing  both  in  dry  and  moist  situa- 
tions. With  this,  but  rather  preferring  the  low  grounds,  is  the 
purple  fruited  orchid  (probacy  Platanthera  obtusata).  A  species  of 
blue-flowering  aster  is  very  wide-spread,  often  covering  the  ground, 
and  the  bristly  sarsaparilla  (Aralia  hispila)  is  quite  frequently  en- 
countered. Sedges  and  grasses  hold  uplands  sparsel}^  but  appropriate 
somewhat  exclusively  the  situations  deficient  in  drainage;  while 
rushes — especially  Juncus  balticus^  flags  (Typha  latifoUa  and  Acorus 
calamus),  and  wild  rice  (Zizania  aquatica)  encroach  widely  on  the 
areas  covered  by  standing  water. 

Many  small  tracts  of  deep  and  productive  soil  intervene  between 
almost  universal  rocky,  or  thinly  covered,  exposures.  At  the  south 
end  of  the  portage  from  South  Fowl  lake,  I  measured,  at  the  end  of 
August,  a  Balm  of  Gilead  shoot  of  the  season's  growth,  forty-nine  inches 
in  length.  A  similar  shoot  north  of  Gunflint  lake,  measured  six  feet  and 
three  inches.  The  white  pines  already  mentioned  supply  similar  in- 
18 
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dicatioDs.  A  large  tract  of  pastare  laud  and  arable  soil  lies  on  the 
Pigeon  river,  in  township  64,  ranges  4  and  5  east;  but  the  g^reater 
part  of  this  falls  within  the  Indian  Reservation. 

6  — Quadrupeds  and  other  vertebrates.    Among  the  quadrui>ed8  of 
the  region,  the  common  northern  hare  {Lepus  americanus)  is  one  of 
the  most  abundant;  and,  to  the  skilled  methods  of  trapping  known  to 
the  Indian,  yields  a  considerable  supply  of  savory  food,  while   the 
white  winter  pelage  is  esteemed  as  material  for  handsome  robes.      The 
porcupine  {Erethizon  dorsatus)  is  not  unfrequently  met,  and  yields 
also  a  coveted  article  of  food.    The  black  bear  {Ursus  americanus)  is 
an  inhabitant  of  the  region,  and  is  sought,  at  the  suitable  season, 
both  for  fur  and  meat.    The  moose  (Alee  atnericana)  is,  however,  the 
large  game  most  pursued,  as  every  part  of  the  animal  is  converted   bv 
the  Indian  to  some  special  purpose  of  utility.     The  caribou  (Rangifer 
caribou)  ranks  probably  next  in  esteem  of  the  hunter  and  Indian. 
Besides  these,  the  sly  fox  {Vulpes  vulgaris)  sometimes  fails  to  elade 
observation;  while  the  Asher  (Mustelapennantii),  the  beaver  (Cttstor 
flber),  the  otter  {Lufra  canadensis)  and  the  mink  (Putorius  visan) 
supply  evidences  of  their  occupation  of  the  country,  though  seldom 
seen.    The  muskrat  (Fiber  zibethicus),  on  the  contrary,  is  everywhere 
present,  and  does  not  always  take  alarm  with  such  promptness  as  to 
escape  observation.     By  far  the  most  abundant  of  all  the  quadrupeds, 
and  most  accessible  to  approach,  is  the  squirrel  of  the  country  {Sciu- 
ru8  hudsonius,  but  broadly  white  underneath),  whose  peculiar  and  very 
characteristic  chattering  is  heard  everywhere,  as  he  sits  on  a  limb  or 
a  log,  dissecting  the  cone  of  the  pine  or  white  cedar  for  the  extraction 
of  the  nuts.    But  the  chipmuck  (Tamias  striaius)  is  also  somewhat 
abundant,  and  often  ventures  rashly  into  the  midst  of  the  camp  to 
gather  up  the  crumbs  from  the  explorer's  repast.     Equally  uncon- 
scious of  danger,  a  little  field-mouse  sometimes  ventures  near,  to 
share  with  the  chipmuck  the  waste  of  the  camp.     A  jumping  mouse 
is  also  rarely  seen.    The  wolf  (Cams  lupus)  and  the  weasel  or  ermine 
(Putorius  erminius)  complete  the  list  of  quadrupeds  which  have  fallen 
under  the  observation  of  members  of  our  party.    The  former  is  ex- 
cessively shy.  but  the  soft-furred  and  handsome  brown  weasel  in- 
trudes sometimes  into  the  camp,  and  roguishly  steals  and  bears  away 
such  bits  of  meat  as  suit  its  palate,  if  left  exposed  to  the  plunderer. 
The  writer  has  seen  a  bat  occasionally,  having  the  size  and  appear- 
ance of  the  New  York  bat  (Atalapha  noveboracensis). 

The  partridge  is  quite  abundant,  and  supplies  to  the  hunter  a  most 
delicate  and  savorv  article  of  food.     Wild  ducks,  in  the  season,  are 
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squall]}*    abundant    and    equally    sought.      Hawks  and  eagles  often 
scream  from  their  high  flights  overhead;  and  loons,  as  they  float  past, 
rend  the  air  with  their  unearthly  vocalization.    Grows  and  gulls  are 
feiv.     The  robin  Im  common,  but  lacks  the  strong  utterance  of  the 
southern  representative  of  the  species.     The  blue-jay  scolds  fiercely 
from  his  dried  tree  trunk,  and  the  interesting  Canada  jay  practices 
the  tricks  of  a  thief  about  the  camp.     The  flicker  screams  from  his 
high    hole,  and  smaller  woodpeckers  enlarge  the  representation  of 
their  family.    The  white-throated  sparrow  sings  mournfully  and  with 
monotonous  sweetness  during  July,  and  loses  his  voice  in  August. 
Some  creepers  and  sparrows  diversify  somewhat  the  avifauna  of  the 
region.     But,  on  the  whole,  the  birds  ar6  not  numerous.     Reptiles  are 
still  more  infrequent.     I   have  seen   a  small    turtle  (apparently   a 
Chrysemys),  and  an  occasional  garter  snake  (Eutcenia),    Once  I  saw 
for  an  instant  a  livid-dark  salamander,  with  red-striped  tail,  which 
immediately  disappeared  among  stones;  but  among  Amphibians,  the 
^reen  frog  (Rana  fontinalis)  and  shad-frog  {Eana  halecind)  are  com- 
mon representatives.     I  once  met  on  a  hill,  seventy-five  feet  above 
the  Pigeon  river  and  a  quarter  of  a  mile  back,  a  frog  acting  like  the 
land  frog,  but  marked  like  the  common  shad-frog  of  the  pools. 

Fishes  appear  to  exist  in  moderate  abundance,  but  the  pickerel  and 
black  bass  are  the  only  ones  which  our  trollinghooks  have  brought  to 
the  surface.  Small  fry  are  occasionally  seen,  but  their  scarcity  would 
imply  the  lack  of  any  abundance  of  other  species  than  those  named. 
6  — Climate.  Of  the  winter  climate  I  know  nothing  from  observa- 
tion. The  summer  climate  is  agreeable.  During  two  seasons, 
«anny  days  have  been  the  rule.  In  the  former  season,  violent  thunder 
showers  occured  frequently,  and,  for  the  greater  part,  during  the  night. 
In  the  latter  season,  very  few  showers  fell,  and  the  weather  became 
<lry.  I  noticed  in  both  seasons,  a  little  tendency  in  August  and  Sept- 
•ember,  to  settled  cloudiness  and  drizzling  rains.  Two  or  three  times 
during  the  past  season,  the  weather  displayed  truly  alpine  characters: 
and  this  I  attribute  to  the  considerable  elevation  attained  in  the  region 
between  the  sources  of  the  Boundary  and  the  Pigeon  rivers.  The  clouds 
floated  near  the  earth  and  enveloped  us  in  a  chilling  mist  Sometimes 
this  experience  lasted  for  half  a  day;  but  sometimes,  only  during  the 
passage  of  a  stray  cloud.  During  days  at  a  time,  squalls  of  fine  rain 
could  be  seen  between  us  and  distant  hills,  almost  continually. 

The  hours  of  sunlight,  in  July  and  August,  are  intensely  hot — 
especially  in  the  sun's  rays;  but  the  declining  sun  is  accompanied  by 
a  marked  change  in  the  temperature  of  the  atmosphere;  and  the  nights 
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are  alwa3'8  cool — generally  cold.  In  such  a  temperature,  the  surface 
of  the  warm  I.ake  steams,  and  often  saturates  the  air  with  a  morning 
fog.  The  frosts,  of  course,  appear  early  in  the  autumn ;  and  sig^ns  of 
snow  may  be  seen  in  the  middle  of  September.  With  frosty  nights 
and  some  hard  freezing,  the  weather  continues  fine  till  late  in  Oct- 
ober.     On  the  whole,  the  summer  climate  is  decidedly  agreeable. 

7. — Method  of  operation.  The  observations  have  been  restricted 
chiefly  to  the  lake  shores;  but  the  intention  has  been  to  identify,  and 
if  necessary,  study,  the  rock  at  every  outcrop.  In  most  cases,  a  laud- 
ing  was  made;  but  sometimes  an  inspection  and  hammer-test  from 
the  canoe  has  been  sufficient.  Rarely,  in  a  region  of  uniform  char- 
acter, an  examination  at  every  eight  of  a  mile  has  been  deemed  snffi* 
cient.  Many  times,  of  course,  excursions  were  made  inland  from  a 
quarter  of  a  mile  <o  two  miles.  This  has  been  done  especially  where 
the  geology  of  some  eminence  seemed  to  be  an  important  object  of 
research.  Thus,  in  connection  with  the  necessary  portages,  a  con- 
siderable knowledge  of  the  country  intervening  between  the  lakes  has 
been  obtained. 

All  notes  of  facts  observed  were  made  in  the  field  and  on  the  spot; 
but  frequently,  generalizations  were  written  out  in  camp,  when  a  par- 
ticular section  of  work  had  been  completed,  and  while  the  facts  re- 
mained in  memory,  even  in  greater  detail  than  could  be  recorded  in 
the  notes. 

8. — Plan  of  the  report.  The  general  plan  is  similar  te  that  of  last 
3'ear.  The  first  part,  after  an  abbreviated  statement  of  the  most  im- 
portant observations  and  results  obtained  outside  of  the  state,  consisfs- 
chiefly  of  a  somewhat  full  detail  of  facts  observed  in  Minnesota,  with 
particular  designations  of  localities.  This,  it  needs  not  be  said,  re- 
sults in  a  presentation  of  little  interest  to  the  general  reader;  but  it 
forms  a  repository  of  precise  facts  for  the  student  and  investigator, 
and  serves  to  place  him,  as  far  as  possible,  in  the  position  of  an  orig- 
inal observer,  with  the  means  of  putting  his  own  interpretation  upon 
the  geology  of  the  region.  The  other  course — I  may  say  the  usual 
course,  supplies  the  reader  with  a  connected  readable  account;  but  it 
is  simply  the  writer's  individual  conception  of  the  facts  and  their 
meaning,  and  furnishes  the  reader  with  little  means  of  judging  for 
himself  of  the  soundness  of  the  writer's  conclusioiM.  It  is  a  method 
which  places  the  judgment  of  the  reader  at  the  disposal  of  the  author 
until  the  latter's  opportunity  for  work  in  the  same  field,  or  for  access 
to  an  exact  statement  of  facts,  enables  kim  to  exevcise  an  independent 
judgment.     It  is  a  method  which,  for  a  tinuv  forestalls  criticism  anA 
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•establishes  the  writer's  conclusions  in  the  opinions  of  his  contempor- 
aries; and  this  may  by  some  be  considered  an  advantage.  There  are 
many  occasions  where  the  writer's  interpretation  of  the  facts  is  all 
that  is  expected  or  proper;  but  I  think  the  geologist  or  the  citizen 
'^rbo  well  considers  the  question,  will  admit  that  the  wUole  body  of 
facts  accumulated  by  the  State  at  considerable  expense,  and  already  on 
record  in  note*books,  ought  to  be  made  accessible  to  every  citizen  in- 
terested; and  that  the  annual  report  of  work  done  is  the  proper 
receptacle  for  such  facts. 

But  the  writer  would  regard  it  as  extremely  unwise  to  leave  an 
annual  report  restricted  to  an  undigested  statement  of  details.  The 
general  reader  requires  a  digested  and  systematized  account  of  the 
meaning  of  the  facts;  and  the  person  who  accumulated  them  stands 
in  a  more  favorable  position  than  any  mere  reader  to  supply  such  ac- 
count. Accordingly,  the  second  part  of  the  present  report  is  a  state- 
ment of  the  observer's  own  conception  of  the  meaning  of  the  facts 
observed.  This  part  only  is  addressed  to  the  general  reader.  Perhaps 
this  part  should  have  been  placed  first,  and  the  details  on  which  it  is 
based,  afterward.  But  I  see  no  adequate  reason  for  disregarding  the 
logical  order,  which  ranges  facts  first  and  their  interpretation  later. 

The  work  of  the  past  season  has  completed  a  careful  reconnoissance 
of  the  northeastern  part  of  the  state  by  the  present  writer.  He  is  now 
in  position  to  join  the  facts  collected  in  1886  with  those  collected  in 
1887,  and  attain  to  a  somewhat  complete  view  of  the  geology  of  that 
most  interesting  region.  He  has,  therefore,  permitted  himself  to  con- 
<;lude  the  present  report  with  a  presentation  of  those  general  and  tax- 
onomic  conclusions  which  have  been  suggested  by  the  writer's 
personal  investigations. 

9. — Localities  and  rock  numbers.  As  heretofore,  the  writer  has  en- 
cleavored  to  ascertain  the  precise  locality  of  every  observation 
recorded;  and  this  of  necessity  has  been  indicated  in  the  report.  It 
would  obviate  the  chippy  and  perhaps  unpleasant  appearance  of  the 
first  part  of  the  report  to  omit  citation  of  precise  localities  or  to  weave 
them  into  paragraphs,  and  give  this  part  more  the  appearance  of  a 
narrative.  This  has  been  well  considered.  But  I  feel  confident  that 
the  specifications  of  facts  in  detail  would  be  less  accessible  than  under 
the  arrangement  which  puts  foremost,  and  in  a  uniform  position,  the 
definition  of  locality,  und  follows  that  by  the  statement  of  fact.  In 
this  part  utility  should  take  precedence  of  style. 

The  rock  numbers  are  in  continuation  of  the  series  begun  last  year. 
As  these  numbers  have  not  been  reported  incomplete  consecutive  order, 
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a  table  is  appended  to  this  report,  presenting  in  serial  arrangement, 
the  localities  for  both  seasons,  with  references  to  the  page?  of  the  two 
reports  on  which  they  are  described. 

The  order  of  succession  of  the  work  in  this  report,  as  in  the  last,  is 
geographical.  All  the  facts  are  clustered  around  the  several  lakes 
and  the  more  considerable  rivers.  As  it  often  happened  that  one 
shore  of  a  lake  was  surveyed  on  an  outward  trip  and  the  opposite 
shore  on  the  return,  it  results  that  the  consecutiveness  of  the  rook 
numbers  is  broken  between  the  two  trips. 

10. — Bearings.  Magnetic  bearings,  for  convenience,  were  taken  in 
the  field;  but  these  are  here  corrected  for  the  true  meridian  by  the  use 
of  data  recorded  on  the  Government  township  plats. 

11. — Rock  identifications.    These  were  preliminarily   made   in  the 
field,    but  often  under  difficult  circumstances,  and  always  without 
adequate  means  for  investigation.    A  few  of  the  identifications  for 
the  present  year  have  been  revised  in  the  laboratory,  partly  by  micro- 
scopical and  chemical  methods,  and  a  few  laboratory  notes  have  been 
appended  to  the  field  notes.     But,  manifestly,  no  thorough  petro- 
graphical  investigation  could  be  accomplished  in  the  time  allowed  for 
an  annual  report;   nor  indeed  would  such  work  be  appropriate.     It 
yet  remains  to  subject  the  entire  series  of  rock  specimens  to  careful 
study,  with  a  view  to  rectifying  the  nomenclature  and  establishiDg- 
true  correlations  between  the  petrography  and  geognosy  of  northern 
Minnesota  and  other  well  investigated  regions.    This  will  be  a  work 
of  no  little  magnitude.  • 

In  the  use  of  terms  I  have  followed  nearly  the  same  practice  as  in 
the  report  for  1886.  This  conforms  substantially  to  the  usage  of 
German  petrographers,  and  especially  of  Rosenbnsch  in  the  new- 
edition  of  his  ''Massige  Gesteine."  So  far  as  my  practice  diverges 
from  the  German  standard,  it  is  chiefly  in  the  use  of  a  few  words,  and 
this  circumstance  will  not  in  the  least  embarrass  the  intelligent 
reader. 

12. — Earlier  observations  and  studies.  The  belt  of  country  along 
the  international  boundary  was  traversed  by  Dr.  Douglas  Houghton, 
in  1831,  while  travelling  as  physician  and  botanist  to  the  Schoolcraft 
Expedition  to  the  sources  of  the  Mississippi  river.  Subsequently, 
while  acting  as  geologist  for  the  State  of  Michigan,  he  recalled  the 
observations  made  and  left  a  brief  record  in  the  introduction  to  one  of 
his  annual  reports.  '^The  route  of  the  fur  trade  to  the  northwest,'^ 
he  says,  *'by  way  of  Rainy  Lakes,  Lake  of  the  Woods  and  Lake  Win- 
nepic  was  formerly  carried  on  by  passing  over  these  hills  [north  of 
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lake  Superior]  from  a  point  a  few  miles  west  of  tke  mouth  of  Pigeon 
river  [Grand  Portage  settlement].  The  trail  or  portage  path  passes 
OTer  a  low  portion  of  the  range  and  finally  falls  upon  Pigeon  river,* 
which  is  ascended  to  its  source,  from  which,  by  a  series  of  portages, 
the  sources  of  the  streams  flowing  northwesterly  are  reached.  The 
hilly  portion  of  the  country,  though  of  exceeding  interest  in  a  geo* 
logical  point  of  view,  is  the  most  desolate  that  could  be  conceived.*'! 

During  the  progress  of  the  geological  survey  of  the  Northwest, 
under  the  direction  of  Dr.  D.  D.  Owen,  a  rapid  reconuoissance  was 
made  by  Dr.  Norwood,  from  Pigeon  point  and  the  locality  now  known 
as  Orand  Marais,  to  Gunflint  and  Saganaga  lakes.  Beyond  the  latter 
point,  no  observations  along  the  boundary  are  recorded. |  Dr.  Nor- 
wood's notes  are  lacking  in  precision  and  intelligibility.  It  is  often 
impossible  to  identify  his  localities  or  his  facts. 

A  rapid  reconuoissance  along  the  international  boundary  was  made 
in  1&72  by  Mr.  Robert  Bell,  under  instructions  from  the  Geological 
Survey  of  Canada.§  The  facts  recorded,  however,  are  few,  as  the 
chief  object  of  the  expedition  seemed  to  be  an  exploration  of  the 
country  further  northwest. 

In  1878,  professor  N.  H.  Winchell,  in  a  survey  of  the  mining 
geology  of  the  northwestern  part  of  Minnesota,  visited  numerous 
localities  near  the  boundary,  both  in  Minnesota  and  Canada,  und  trav- 
ersed the  boundary  from  Pigeon  point  to  Basswood  lake,  proceeding 
thence  to  Vermilion  lake.|| 

A  more  extended  reconnoissance  was  made  by  N.  H.  Winchell,  in 
1880,^  stretching  from  Grand  Portage  along  the  international  bound- 
ary, and  diverging  to  Vermilion  lake,  and  thence  to  Squagamaw  bridge 
on  sec.  5,  T.  58-15.  This  was  part  of  a  very  extensive  examination 
of  the  general  geology  of  the  northeastern  part  of  the  state.  The 
report  presents  a  broad  and  masterly,  though  condensed,  grasp  of  the 
geologic  structure  of  a  vast  region  long  acknowledged  difficult  of  ac- 
cess, complicated  and  obscure;  and  the  later  developments  have  con- 
firmed its  general  accuracy. 

*  For  quite  h  fall  description  of  the  physical  nn«l  geological  feaiares  ortliis  trail,  see  N.  \V,  Win- 
chell, E^/hih  Annual  Reporiy  Geology  of  Minneaota^  1880,  pp.  71-73. 

t  Houghton,  Fourth  Annual  Jieport,  Geology  of  Michigan^  1811^  p.  13. 

%  Norwrood,  In  0wea*8  Geological  Survey  of  Witcojuin.  loxoa  and  Minnesota,  Philidelpbia,  186S, 
40M9J. 

f  R  Bell,  in  Geological  Survey  qf  Canada.  Report  of  Progreia,  1672-3,  Montreal,  8to,  pp.  W-94. 

'I  S^enth  Annual  Report,  Geology  of  Minneeota,  pp.  P-2».  This  report  contains  alio,  eome  obeerva' 
tiffUM  by  C.  \V.  Hail,  under  instractions  from  the  state  geologist,  pp.  26-29« 

^  AiniA  Annual  EeporU  Geology  of  Minnekota,  pp  71-1'  7.  This  contains  a  gei  eral  descriptive  list 
of  rockr  collected  in  1873  as  wrll  as  1^8  \  extending  over  page^  11-114. 
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Explorations  of  the  geology  of  northeastern  Minnesota  were  further 
extended  by  N.  H.  Winchell,  in  1881.  They  were  carried  over  the 
Grand  Marais  trail,  and  along  the  boundary  westward,  but  more  ex- 
tensively across  the  country  wholly  unknown  to  geology,  west  of  the 
Grand  Marais  trail,  between  the  boundary  and  lake  Superior*  and  as 
far  west  as  Ogiskhe-muncie  lake. 

In  the  operation  of  the  United  States  Geological  Survey,  the   study 
and  discussion  of  the  Archaean  rocks  of  the  Northwest  having  been 
assigned  to  professor  R.  D.  Irving,  geological  observations  made    by 
himself  and  under  his  direction,  have  been  extended  from  Nipi^on 
and  Thunder  bay  of  lake  Superior,  into  Minnesota,  as  far  as  Gunflfnt 
and  Ogishke-rauncie  lakes.     The  particulars  of   these  explorations 
have  not  yet  been  published;  but  some  of  the  general  and  most  im- 
portant results  have  been  made  public  from  time  to  time,  in  memoirs 
aud  papers  by  professor  Irving. t    Professor  Irfing's  investigations, 
sustained  by  the  great  resources  of  the  national  survey,  and  carried 
on  with  the  aid  of  much  exx)erience  and  excellent  preparations,  may 
be  ex\)ected  to  bring  to  light  a  vast  multitude  of  facts,  and  to  go  far 
toward  settling  the  difficult  and  fundamental  questions  now  outstand- 
ing in  reference  to  the  geological  character  and  history  of  our  oldest 
terranes.4 

The  State  survey  of  Minnesota  resumed,  in  1886,  the  investigation 
of  the  rocks  northwest  of  lake  Superior,  and  made  this  a  principal 
effort  during  the  year.  The  region  of  Vermilion  lake  was  minutely 
studied.  The  country  eastward  was  explored  as  far  as  Ogishke-mun- 
cie  lake,  and  the  geology  along  the  boundary  belt  was  examined  from 
Iron  lake  to  Knife  lake.  The  volume  of  results  exceeded  all  pre- 
viously published.§ 

*  Tenth  AnniMl  lieporty  Qeology  of  Minnesota^  1881,  pp.  64-106.  Orologlcul  notes  frum  Daliith  to 
Silver  ii>let  iiiul  return,  nre  coiitalnetl  on  pp  34-G4. 

+  See  Third  annital  Report,  (J.  S  Geol.  Surv.,  l?81-62  («Ialed  1883),  pp.  16T.165.  Monograph,  C  S. 
&eo/.6'urv.t  vol.  V.  (1883)  pp.  867-386,  SOS;  Preliminary  Paper  on  an  InveHiffation  of  the  Architan 
Formntionn  of  the  Northioeatem  Statea*  Mhrch,  lb86,  extracted  from  Vth-  Ann.  Hep.,  U.  S.  Ge^l.  Sarv., 
176-212  (ejipeclally  pp.  »)S.2(8):  Amer.  Jour.  Sci.,  UU  xxxlv,  830.381. 

X  While  the  mnnntcript  of  thin  report  Is  Ktill  In  hand,  tidinga  come  of  professor  Irvine's  deuth.  I 
feci  muvt'U^To  embiace  the  opportunity  to  lecord  both  my  persontil  Borrow,  and  tlie  loss,  seen-luKly 
irrepamble,  which  htm  been  Buntnlned  by  the  national  tfurvey,  and  by  the  Interests  of  geological  science 
at  Urj^e.  Profmsor  It  viiig*s  work  revealed  a  most  consclcntion!*,  painstaking  and  intelligent  treat- 
ment of  the  difticult  problems  assigned  to  him  for  disnu^ision.  His  achievements  iu  a  few  year?*,  alas 
too  few,  have  contributed  permanent  lustre  to  the  annals  of  American  ocience. 

S  Fifteenth  Annual  Report.  Geol.  Surv  Minn.,  188^,  pp.  7-207  by  .\.  Winchell ;  pp.  20%382  (embody- 
ing  obfiervaiions  by  Dr.  M.  £.  Wadsworth)  by  N.  II.  Winchell ;  and  pp.  40l-4rJ  by  H.  V.  Winchell. 
1'his  report  contains  the  first  colored  geological  map  of  northeastern  M.innesota  mnJe  from  oii'^nal 
<ib<«Tvntio!is,  nnd  a  dut:iiUd  geolopicnl  map  of  the  vicinity  of  Vermilion  lake. 


STATE    GEOLOGIST.  145 

§  2  — OBSERVATIONS  IN  THE  TYPICAL  HUKONIAN   REGION  OF  CANADA. 

A  portion  of  the  rocks  of  northeastern  Minnesota  have  been  pro- 
visionally referred  by  recent  geologists,  to  the  Huronian  system.  The 
most  recent  writer  on  the  assemblage  of  oldest  formations  in  the 
Northwest,  expressed  the  conviction  that  the  entire  series  of  strata 
in  Minnesota,  from  the  top  of  the  crystalline  schists  up  to  the  top  of 
the  Animike  slates,  belonged  properly  in  that  system  which,  a  quarter 
of  a  century  ago,  the  geologists  of  the  Canadian  survey  described  and 
named  as  Huronian.  ^he  region  reported  to  contain  the  rocks  thus 
assembled  in  a  system,  lies  on  the  north  of  lake  Huron.  Being  some- 
what remote,  if  not  difiBcult  of  access,  American,  and  even  Canadian, 
geologists,  have  been  in  disagreement  as  to  the  lithological  character 
of  the  original  so-called  Huronian  rocks,  and  as  to  the  position  which 
they  actually  hold  in  the  hedded  structure  of  the  earth's  crust.  An 
ulterior  purpose  of  the  Minnesota  survey  must  be.  First — To  ascer- 
tain whether  any  proper  Huronian  rocks  occur  in  the  state;  Second — 
To  determine  what  portion  of  them  is  to  be  regarded  as  Huronian, 
and  in  what  particulars  they  agree,  and  in  what  those  distinguished 
from  them  disagree;  Third — To  determine  the  relative  geological  age« 
both  of  the  rocks  ascertaiued  to  be  Huronian,  and  of  those  to  be  ex- 
eluded  from  the  Huronian.  But  precisely  what  was  meant  by  Huron- 
ian was  a  point  in  dispute;  and  any  settlement  of  the  question  in  time 
for  the  purposes  of  the  Minnesota  survey,  required  a  personal  visit  to 
the  typical  Huronian  region.  In  conformity  with  this  necessity,  my 
brother  and  I  made  a  personal  investigation  of  most  of  the  important 
points  and  districts  within  the  region  referred  to.  The  following 
pages^  contain  an  abstract  of  observations  made  by  the  writer,  with 
such  occasional  interpretations  as,  to  his  judgment,  seemed  justified 
by  what  we  saw. 

The  quartzytes  exposed  along  the  north  shore  of  the  channel,  be- 
tween the  Sault  and  the  old  Bruce  mines,  were  hastily  passed;  and 
no  careful  studies  were  undertaken  until  *'  the  Bruce  '*  was  reached. 

1.  Observationa  about  the  Bruce  mines.  At  the  old  Bruce  mines  the 
rock  near  the  shore  (384)*  is  a  mass  of  diabase,  intersected  in  various 
directions  by  joints,  but  without  discoverable  signs  of  bedding.  It  is 
a  compact  mixture  of  a  dark,  augite-looking  mineral  with  a  reddish 
feldspar.  The  dark  mineral  constitutes  a  sort  of  groundmass;  but 
the  feldspar  is  very  abundant.  In  places,  the  red  feldspar  occurs  in 
crystalline  masses  an  inch  or  two  in  diameter. 

*  The  nambers  io  this  section  rofrr  (o  ih«  rocki  collected. 

19 


146  SIITBKMTH  ANKPAL  BEPORT 

Near  the  gravel  bank  made  from  the  crushing  mill  on  the  east  side, 
the  diabase  (385)  is  a  little  coarser,  ood  the  feldspathic  constitaent  is 
nearly  white.  In  the  midst  of  the  rock  are  masses  of  a  fine-grained 
material  which,  at  a  glance,  appears  slaty,  hut,  on  inspection,  seems 
to  be  a  very  similar  thing  in  constitution.  These  fine  masses  are 
partly  vein>like,  and  partly  like  regular  fragments  of  a  achiatose  rock. 


Fig,  1, — Vein4ike  mass  in  diabase  at  Bruce  r 


,  Ontario 


Whatever  the  nature  of  these  forms,  the  whole  mass  of  rock,  seems 
to  be  a  dike  in  the  other  diabase.  If  these  different  diabaaee  are  not 
dikes  successive  in  origin,  they  show  abrupt  limitations  dike^like.  To 
me  the  whole  mass  looks  like  a  vast  dike  or  overflow;  but  the  different 
parts  are  supplied  from  somewhat  different  sources,  aud  cooled  under 
circumstances  a  little  different. 

In  one  place  I  find  diabase  with  disseminated  globules  of  serpentine. 

At  the  Glanville  shaft  of  the  Wellington  mine,  the  vein  is  seen 
running  N.  82°  W.  It  ia  of  quartz  with  dissiuinated  chalcopyrite. 
The  country  rock  resembles  the  diabase  with  red  feldspar;  but  near 
the  quartzyte  it  becomes  slaty-chloritic. 


Fig.  2. — Plan  of  cupriferous  veins  at  olrf  Wellington  mines,  Ontario. 

The  main  vein  a,  branched  in  b,  was  cut  by  a  dike  at  e,  and  ran  into 
a  limestone  at  L. 

Mining  was  carried  on  35  years  and  has  been  suspended  10 — in  con- 
sequence of  ore  running  poor  and  copper  cheap. 
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About  a  quarter  of  a  mile  west  of  this  is  an  outcrop  of  lime- 
stoue  in  a  ledge  trending  N.  4°  W.  and  dipping  a  little  south  of  west, 
but  much  contorted,  and  with  interbeddings  of  trap  isolated  from  the 
general  mass  of  trap.  This  outcrop  in  a  straight  line,  is  about  a  mile 
from  the  west  landing. 

From  the  little  cove  immediately  east  of  the  old  Bruce  mines  rises 
toward  the  west,  a  hill  on  which  lie  an  enormous  quantity  of  ''gieen- 
stone'*  fragments.  Where  the  greenstone  outcrops,  it  is  a  compact 
diorite  or  diabase.  In  this  is  a  quartz  vein  striking  N.  6^  E.  and  two 
feet  wide.  The  entire  mass  of  the  hill  is  of  the  same  sort  of  rock, 
and  on  the  summit  and  the  western  slope  are  large  quartz  veins  which 
ramify  in  a  complicated  fashion.  In  one  place,  a  quartz  vein  inter- 
aecting  the  country  diabase,  itself  incloses  a  large  fragment  of  dia- 
base, as  shown  below : 


Fig.  Z.^ Fragment  of  diabase  included  in  a  quartz  vein   intersecting 
a  field  of  diabase  near  the  old  Bruce  mines,  Ontario. 

Among  the  bowlders  of  this  vicinity  I  recognized  bedded  and  con- 
glomeritic  quartzyte  and  jaspery  conglomerate;  also  a  conglomerate 
resembling  that  of  Ogishke-muncie — a  dark,  diabasicgroundmass  with 
red  granite  pebbles.* 

The  diabase  surfaces  are  glacially  smoothed,  and  show  grooves  trend- 
ing S.  20^  W. 

2.  Observations  in  the  Valley  of  Thessalon  river. — At  Thessalon,  on 
the  west  side  of  the  river,  the  rock  (389-391)  which  is  put  down  by 
Logan  as  "chlorite  slate,"  has  superficially  an  eruptive  look.  Occa- 
sionally one  sees  evidences  of  bedding,  though  obscure.  The  dip  ap- 
pears to  be  2>V,  in  the  direction  N.  41"*  W.     The  rock  is  JBne-grained, 

*  A  lUt  of  the  rock-col lections  will  be  included  in  proper  nomerical  order  In  the  Table  at  the  end  of 
thl<«  report.  * 
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dark,  hard,  having  the  aspect  of  a  metamorphic  argillyte;  but  on 
close  inspection  with  a  lens,  thin  scales  possess  a  waxy,  greenish  trans- 
Juency.     So  far  it  might  be  a  highly  metamorphic  felsitic  ar^ciHy^^- 

A  few  rods  to  the  east  of  this,  however,  the  formation  passes  into  a 
diabasic  rock  similar  to  that  carrying  the  copper  vein  at  Brace.  As 
no  probability  exists  that  this  is  of  an  eruptive  character,  and  the 
other  rock  sedimentary,  I  examined  the  transition  carefully.  The 
strong  impression  made  by  the  study  was  that  the  case  is  simpl3"  one 
of  greater  or  less  metamorphism. 

This  diabasic  or  dioritic  condition  is  seen  coarser  and  finer  exactly 
as  at  Bruce,  Here  also,  are  numerous  ramifying  quartz  veins.  If 
this  formation  is  an  altered  sediment,  so  is  that  at  Bruce. 

Several  times  subsequently  I  revisited  this  locality — on  the  west  of 
the  river — after  having  made  quite  an  extended  study  of  the  surround- 
ing country.     I  repeated  my  attempts  to  ascertain  the  nature  of  the 
bedded  structure.     I  could  not  easily  divest  myself  of  the  impression 
'that  a  true  sedimentary  arrangement  had  originally  existed,  on  which, 
in  the  course  of  metamorphism,  a  conformable  slatiness  had  been   in- 
•  duced.    The   evidence,  unquestionably,  is  ambiguous.,  but  I  retained 
two  small  specimens  showing  distinct  marks  of  sedimentary  character 
This  structure  prevails  in  patches  over  an  area  of  forty  square  rods. 
The  dip,  according  to  renewed  measurements,  is  32**,  in  a  direction  M. 
48**  W.    Naturally,  it  varies  in  both  respects  within  short  distances; 
but  though  the  bedding  is  undulating,  it  is  not  crumpled. 

In  the  midst  of  the  most  slaty  patches  occur  more  diabasic  portions; 
and  generally  in  proximity  to  small  veined  streaks — as  if  greater  heat 
and  more  complete  fluidity  had  been  the  condition  of  the  more  dia- 
basic rock. 

There  are  indeed,  places  a  square  rod  in  extent,  in  which  the  rock 
is  strictly  diabasic;  and  it  here  appears  that  the  coarser  condition  of 
the  diabase  is  most  remote  from  the  slaty  rock. 

This  particular  spot  is  a  fair  representation  of  the  whole  of  Logan's 
**  green  chlorite  slate."  While  no  demonstrative  evidence  exists  of 
the  nature  of  its  genesis,  there  seems  to  be  room  for  the  supposition 
that  the  entire  formation  was  once  a  marine  sediment;  but  if  so,  it 
has  been  subjected  to  powerful  alteration — in  places,  to  actual  fusion 
and  recompounding  of  the  chemical  elements. 

On  the  east  side  of  the  river,  the  same  formation  (892)  prevails  ex- 
tensively. The  bedded  condition  is  more  unmistakable  than  on  the 
west  side.  The  strike  of  the  beds  is  nearly  coincident  with  the  direc- 
tion of  the  glacial  striatioo,  which  is  S.  20^  W.     There  is  difficulty  in 
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deciding  what  are  the  bedding  structures  and  what  schistosity  or  veins. 
Near  the  water  the  bedding  appears  most  unmistakable. 

But  another  phenomenon  here  is  important.  Along  some  of  the 
vein-like  appearances  are  rounded  pebbles  imbedded  in  a  mass  simitkr 
to  the  neighboring  rock,  but  darker  and  distinguishable  in  texture. 
The  rounded  pebbles  are  of  rock  similar  to  the  prevailing  formation; 
and  on  close  inspection,  lines  can  be  traced  across  them — fine,  like 
flowage  lines  or  thin  laminae.  The  appearance  is  precisely  like  some 
conditions  of  the  Ogishke  formation — not  the  characteristic  conglo- 
merate. 

At  the  north  end  of  the  village  near  the  head  of  the  bay  east  of  the 
saw  mill,  the  same  formation  (398)  contains  large  angular  masses  of 
epidote,  mixed  with  a  black  mineral.  These  masses  are  up  to  three 
feet  in  length,  with  a  width  of  two.  Here  are  also,  veins  of  quartz, 
some  containing  chalcopyrite,  and  some  having  a  selvage  of  fine, 
dark  chloritic  mineral. 

Quite  at  the  head  of  the  bay  east  of  Thessalon,  the  following  observ- 
ations were  made :  1.  Regions  containing  many  little  blackish  lumps, 
giving  the  rock  an  amygdaloidal  appearance  (894).  The  lumps  look 
like  amorphous  chlorite  externally.  When  scratched  they  are  bluish, 
slaty-white.  2.  These  quasi-amygdules  are  in  places  arranged  in 
courses.  {Sometimes  the  courses  are  rectilinear,  and  sometimes  curv- 
ilinear; and  in  both  cases,  several  ranges  are  parallel  with  each  other. 
But  in  immediate  contiguity,  the  curved  bands  are  seen  in  a  different 
positition.  This  phenomenon  reminds  me  of  what  I  have  figured  from 
the  east  end  of  Snowbank  lake,  Minnesota"^;  but  in  that  case  the 
amygdular  cavities  are  in  single  series,  and  the  apertures  are  sharply 
circular.  3.  In  some  places,  larger  lumps  of  this  chlorite-like  min- 
eral are  remotely  disseminated,  Also,  some  of  these  larger  cavities 
are  filled  with  epidote — either  finely  crystalline  or  mixed  with  another 
mineral.  4.  The  formation  is  also  intersected  by  veins  of  calcite  or 
dolomite.  5.  Also  by  veins  of  a  red  color,  composed  of  a  transpar- 
ent mineral  like  calcite,  and  a  pale  reddish  mineral,  having,  like  the 
other,  the  hardness  of  calcite.  6  Bands  also,  of  small  epidoiic  am* 
ygdiiles— some  in  belts  one  and  a  half  inches  wide  and  separated  by  a 
condition  of  the  country  rock — a  soft  chloritic  argillyto,  itself  filled 
with  very  small  elongated  aniygdules  of  amorphous  chlorite — the 
longer  axes  parallel  with  the  axis  of  the  band.  7.  In  the  vicinity, 
some  of  the  chloritic  amj'gdules  are  elongated  downward,  from  one 
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diameter  to  three  and  a  half  inches — ^in  section  of  the  rock  looking  like 
rootlets  of  Stigmaria. 

At  the  head  of  the  bay  east  of  Thessalon,  near  the  new  barn  are 
seen  two  sets  of  glacial  strisa  in  unusual  relation  to  each  other  The 
main  set  trends  S.  20°  W.  and  the  other  S,  48*"  W.  The  former  are 
grooved;  the  latter  smoother.  The  main  system  terminates  abruptly 
along  the  line  ab,  fig.  4.,  and  that  line  is  like  the  ridge  of  a  low  roof. 


Fig.  4. — Unusual  feature  of  glacial  striation,  Thessalon  ^  Ontario. 

« 

Further  along  is  a  similar  crest  without  change  in, direction  of  striae 
After  quite  an  extensive  and  careful  field  investigation  of  the 
formation  about  Thessalon,  I  failed  to  find  any  sufiScient  reason  for 
distinguishing  it  from  that  about  Bruce;  though  Sir  William  Logan 
has  laid  it  down  as  "green  chlorite  slate  "  while  the  Bruce  formation 
is  mapped  as  'Mower  slate  conglomerate."  It  is  more  slaty  on  the 
east  side  of  the  Thessalon  river  than  on  the  west.  Still  it  can  hardly 
be  said  that  the  evidence  is  clear.  The  resemblance  to  the  Bruce 
formation  is  general;  but  only  on  the  west  side  does  it  seem  complete. 
Here  the  diabase  is  fully  developed,  and  we  trace  it  by  gradation  into 
the  slates.  But  on  the  other  hand,  quartz  veins  are  common  on  both 
sides  of  the  river,  and  they  contain  chalcopyrite.  On  the  east  side  of 
the  bay  a  vein  is  said  to  be  four  feet  thick,  and  to  have  been  worked 
to  a  limited  extent.  In  all  salient  characters,  the  Bruce  and  Thessa- 
lon formations  are  the  same.  I  must  leave  for  future  study  to  ascer- 
tain whether  in  origin  it  is  rather  sedimentary  or  eruptive. 

About  one  and  a  half  miles  from  Thessalon  lauding,  on  the  Govern- 
ment road  west  of  the  river,  is  an  outcrop  of  quartzyte  (395).  It  rises 
in  a  range  west  of  the  the  highway.  Near  the  road  it  is  light  gray 
and  pretty  fine,  with  distinct  bedding  and  a  northward  dip  of  about 
35",  but  somewhat  contorted.  Farther  from  the  road  it  becomes  darker 
and  more  granular  (396).     A  few  rods  still  farther  west,  the  formation 
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rises  in  a  succession  of  short  parallel  swells  trending  east  and  west, 
aud  exposing  a  general  dip  northward.  The  appearance  is  shown  in 
fi^.  5,  on  plate  2. 

We  find  dark  angular  masses  (397),  included  in  the  quartzyte;  and 
inspection  shows  them  to  be  essentially  identical  with  the.Thessalon 
slate ;   but  even  more  baked. 

Still  farther  on,  occurs  a  dike  three  rods  wide,  running  nearly  north 
and  south,  and  appearing  to  be  a  compact  diabase  (398).  In  contiguity 
with  this,  the  quartzyte  is  red  blotchy,  and  on  the  west,  prevailingly 
red  (399).  Included  in  the  dike  is  a  wedge  of  quartzyte,  two  rods  long 
and  fifteen  feet  wide,  which  is  very  red.  Here  the  dike  along  its 
western  margin,  is  divided  vertically  by  jointage,  into  a  succession  of 
thin  slabs.     Close  by,  the  quartzyte  retain^  its  proper  bedding. 

Sometimes  too,  the  bedding  of  the  quartzyte  is  interrupted  by  dike- 
like masses  of  its  own  substance,  which,  with  loss  of  stratification  on 
their  part,  cut  off  and  terminate  the  beds  of  the  main  quartzyte. 

About  two  and  a  half  miles  from  Thessalon,  along  the  same  road, 
on  the  northwest  of  the  quartzyte,  is  seen  rising  a  huge  diabasic  mass 
{400),  resembling  the  diabasic  portions  seen  on  the  west  side  of  the 
river  at  Thessalon.  From  the  summit,  I  can  trace  the  ridge  to  the 
-quartzyte  last  seen,  and  beyond,  along  the  west  side  of  it  toward 
Thessalon  point.     Possibly  the  point  has  this  diabase  for  a  foundation. 


Fig.  6. — Geology  about  Thesscdon^  Ontario. 

D,  the  diabase  here  referred  to.  Q,  the  quartzyte  395.  P,  Thessa- 
lon point.  3f ,  the  sawmill  near  the  lauding,  d^  diabase  west  side  of 
river,  s^  Thessalon  slate  (or  slaty  diabase). 
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Queries.  Is  there  a  fault  along  the  river?  Does  D  underlie  acd 
form  the  point  f    Are  D  and  d  the  same  as  s? 

About  three  mileefrODi  Thessalou,  oa  the  same  road,  a  bold  promoo- 
tory  strikes  the  highway.  Uf  this  all  the  upper  portion  is  of  diabase 
(402),  and.  the  lower,  near  the  roud,  ih  of  quartzyte  (401). 


Fig,  7. — Junction  of  qiitirtzi/lr  aitd  diabase  three  miles  northtrest  of 
Thessnl-n.  Ontario. 

The  line  AB  shows  the  junction  or  the  two,  and  its  direction  is  enst 
and  west.  Hnt  the  plane  nf  junction  desceuds  almost  Tertically  into 
the  hill,  so  that  it  is  not  possible  to  say  the  diabase  overlies  the  quart- 
zyte.     The  diabase  ia  in  continuity  with  the  Inst  seen. 

At  about  five  and  a  half  miles  from  Thpssalon,  another  promonlnry 
is  found  abutting  on  the  road  from  the  rijiht.  Here  the  great  mans  is 
diabase  (403),  well  characterized  and  moderately  conrse-ftT>ined;  but 
quartzyte  is  in  contact  in  an  unintelligible  way.  The  face  of  the 
exposure  is  shown  below: 


Fig.  8. — Junction  o/ qiiarlzi/te  and  diabase  five  milts  northwest  of' 
Thessalon. 


Plate  2.     16th  Report. 


Fig.  5  — General  vieu)  of  white  quartzyte,  two  miles  northwest  of 

Thessahn,  Ontario. 

The  dip  ia  away  from  the  observer. 


Fig    10. — A  knob  of  diabase  overlying  quartzyte  four  miles  northwest 

of  Thessalon. 

The  quartzyte  incloses  angular  masses  of  Thessalott  sUte. 
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From  a  to  b,  the  quartzyte  dips  toward  the  diabase,  and  seems  to  go 
under  it  northward.  From  b  to  c,  the  diabase  cuts  off  the  quartzyte 
like  a  dike.  Hence  it  does  not  appear  what  is  the  relation  between  the 
two.     The  quartzyte  is  cut  off  also  from  a  to  d. 

The  diabase  is  quite  characteristic,  consisting  of  a  mass  of  crystal- 
line, black,  augitic  mineral,  with  short  linear  crystals  of  plagioclase 
imbedded  in  it. 

Six  miles  from  Thessalon,  where  McBeth's  creek  is  crossed  by  the 
Canada  Pacific  railway,  in  view  of  the  lake,  quartzyte  and  diabase 
are  seen  in  contact  again.  The  junction  is  sharp  and  runs  N.  60°  W, 
The  quartzyte  is  light  gray,  and  resembles  401 — not  so  reddish  as  that 
at  the  base  of  403.  Some  of  the  diabase  is  rather  coarse  and  charac- 
eristic.  The  junction  with  the  quartzyte  is  vertical  again — neither  is 
superimposed. 

Across  the  creek  from  this  point,  and  on  the  north  of  the  Canada 
Pacific  railroad,  is  a  hill  composed  of  quartzyte  (404)  and  diabase; 
but  a  portion  of  the  quartzyte  becomes  conglomeritic  with  glassy 
quartz.  One  of  the  dikes  of  diabase  pursues  an  irregular  course,  as 
shown  below,  and  varies  greatly  in  width — from  thirty  feet  to  zero- 
Unusual  collocations  of  quartzyte  and  diabase  are  further  illustrated, 
below: 


Fig.  9. — Map  of  alternations  of  quartzyte  and  diabase  on  hillside  at 
McBeth's  creek,  at  crossing  of  Canada  Pacific  railroad, 

northwest  of  Thessalon. 


At  about  four  miles  from  Thessalon,  a  high  boss  overlooks  the  road 
from  the  south,  in  which  we  find  diabase  distinctly  resting  on  quart- 
zyte.   The  external  aspect  of  this  exposure  is  shown  in  fig.  10^  plate  2; 
20 
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f  At  the  distance  of  one  mile  from  Thessalon  on  the  east  side  of  the 
river,  is  another  nearly  vertical  junction  of  diabase  and  qnartzjte, 
striking  N.  40"^  E.  The  junction  is  sharp.  No  dip  of  the  quartzjrte 
{s  ascertainable.  Its  color  is  pale  pinkish.  Near  here  the  quartzyte 
dips  80°  toward  N.  40^  W.  and  its  color  is  still  pinkish.  At  another 
point  the  color  is  white. 

At  two  miles  from  Thessalon  on  the  east  side  of  the  riyer,  is  an 
'Outcrop  of  quartzyte  (405),  weathering  pistachio  greenish,  fine-grained 
«nd  saccharoidal.  It  includes  masses  of  coarse  pinkish  quartzyte  con- 
taining quartz  pebbles.  Apparently,  this  quartzyte  would  make  good 
bones. 

Quartzyte  knobs  rise  above  the  alluvial  plain  at  frequent  intervals. 

At  Little  Rapids  of  the  Little  Thessalon,  three  and  a  half  miles  from 
Thessalon,  is  a  coarse  diabase  with  veins  of  quartz.  It  rises  in  a  knob 
which  continues  iu  a  rans:e  eastward.  It  appears  also  on  the  west  of 
the  road.  Near  by  here,  is  a  vitreous  quartzyte  with  pebbles  of  black 
jasper  arranged  in  courses.  The  direction  of  the  dip  is  N.  10®  E.  and 
amount  apparently  about  45°.  This  spot  is  one*fouth  mile  from  the 
hotel,  and  in  stratigraphical  order  ought  to  overlie  the  rock  at  Little 
Rapids. 

At  about  four  miles  north-northeast  from  Thessalon,  is  a  boss  of 
well  striated  quartzyte,  having  one  set  S.  20"^  W.  and  the  other  S. 
SO""  W.  The  quartzyte  is  granular,  pale  gray,  homogeneous,  and 
would  make  excellent  hones — much  resembling  that  of  405  In 
places  it  consists  of  clear  glassy  grains  imbedded  in  a  groundmass. 

A  knob  of  very  fine  diabase  forms  a  ridge  extending  north  and  south, 
At  a  distance  of  about  three  miles  northeast  of  Thessalon. 

Extending  examinations  to  remoter  points,  we  find,  a  quarter  of  a 
mile  north  of  Little  Rapids,  a  knoll  of  horizontally-bedded,  very  fine 
rsand — evidently  alluvial. 

On  the  west  side  of  the  Little  Thessalon,  and  about  three-fourths  of 
A  mile  from  Ansonia — familiarly  known  as  *'The  Dump,"  on  the 
north  of  the  road,  is  a  ridge,  exposing  much  red  rock  (406),  which 
iproves  to  be  a  red  quartzyte,  with  pebbles  of  clear  quartz,  and  some 
«mall  red  jasper  pebbles.  It  is  virtually  a  conglomerate.  This  ridge 
ranges  N.  70""  W.  and  nttains  an  elevation  of  about  150  feet.  With 
much  labor  I  traversed  the  whole  length  of  this  forest  and  brush- 
covered  ridge,  and  noted  a  succession  of  formations  like  the  following. 
Passing  from  the  condition  just  mentioned,  we  come  to  conglomerate. 
Then  comes  a  dike  of  diabase  (407),  100  feet  wide,  extending  from  top 
to  bottom  of  the  hill.     Next  recurs  conglomerate,  coarser  than  the 
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tfirst.,  Avith  white  quartz  pebbles.  This  is  followed  by  another  dike  of 
diabase,  40  feet  wide,  cutting  the  bill,  like  the  other,  from  north  to 
south.  Next  follows  for  30  rods,  a  conglomeritic  quartzyte.  This  is 
n  bold  outcrop.  The  bedding  is  distinctly  shown  by  great  slabs  two 
feet  thick,  and  by  courses  of  pebbles.  The  dip  is  SO"",  and  direction 
S.  •48°  W.  This  continues  to  another  bold  outcrop  of  quartzyte. 
which  is  fundamentally  very  red  and  vitreous,  with  small  pebbles. 
The  bedding  is  shown  by  slabby  structure  and  by  dark  streaks — al- 
inost  black,  as  if  of  magnetite  or  plumbago.  Oblique  lamination  is 
also  present,  and  the  strata  are  a  little  bent. 

This  entire  ridge  is  a  little  over  half  a  mile  long.  Diabase  appears 
at  the  base,  and  can  be  seen  on  the  summit;  and  the  appearance  is 
that  a  dike  runs  along  the  crest,  and  this  has  tilted  the  quartzytes  to 
their  present  position. 

The  quartzyte  beds  dip  42°  in  a  direction  making  an  angle  of  20° 
'with  the  axis  of  the  ridge.  As  the  ridge  was  traced  for  a  distance  of 
about  two  and  a  quarter  miles,  we  thus  attain  the  data  for  calculat- 
ing trigonometrically,  the  vertical  thickness  of  the  whole  quartzyte 
formation.  I  thus  find  it  to  be  4,542  feet  As  the  horizontal  distance 
was  merely  estimated,  no  great  exactitude  can  be  ascribed  to  this 
result.  As  further.  I  have  no  evidence  that  this  traverse  crossed  the 
whole  width  of  the  formation,  it  would  be  quite  within  the  bounds 
of  probability  to  set  down  the  red  quartzyte  as  having  a  thickness  of 
5,000  feet. 

At  Ansonia  Post-office  (411),  are  rapids  in  the  Thessalon  river,  and 
here  the  saw-logs  from  the  surrounding  country  are  "dumped*'  to  be 
rafted  to  Thessalon.  The  rapids  are  caused  by  a  mass  of  bluish,  fine, 
compact  diabase,  but  the  geology  of  the  place  is  obscure.  After  visit- 
ing the  spot  three  times  during  the  progress  of  our  survey  of  the  Hur- 
onian,  the  following  is  the  best  account  I  can  give  of  it.  Beginning 
up  the  stream,  we  have  first,  a  mass  of  fine  blue  diabase  (448);  then 
alongside  of  this,  some  vertical  standing,  ashes-of-roses  colored,  cherty- 
calcitic  beds  (449),  running  up  from  the  water.  This  formation 
weathers  ochreous-yellow.  Within,  some  parts  are  fine,  compact, 
^halcedonic-looking,  opaque;  other  parts  are  pinkish,  very  finely' gran- 
ular (450),  and  closely  resembling  the  rock  447,  to  which  refer.  Still 
another  part  is  less  homogeneous,  with  iron-oxide  veins,  and  a  little 
coarser  texture.  Still  below  this  occurs  a  diabasic  slate  (451)  in  a 
thoroughly  brecciaied  condition.  A  bowlder  from  the  ochreous  mass 
was  found  by  me  at  Bruce.  It  seems  to  correspond  to  Logan's  "chert 
and  limestone."    It  is  a  cherty  limestone  (452),  and  effervesces  feebly 


156  SIXTEENTH  AKiniAL  BEPOBT 

with  acid,  but  its  stratigropbical  position  is  not  made  apparent  from 
the  concomitant  facts. 

Haifa  mile  south  from  Ansonia,  the  ridge  studied  at  408,  but  at  a 
point  a  mile  further  south,  presents  characters  similar  to  those  already 
described.  Some  of  the  pebbles  here  are  like  the  ochreous  rock  409;. 
and  this  would  imply  that  this  rock  underlies  the  quart zyte— the  re4 
quartzyte. 

On  a  later  occasion  tbese  examinations  were  carried  still  farther 

into  the  interior.     One  mile  beyond  Ansonia,  on  the  south  side  of  the 

Thessalon  (428-429),  a  knob  on  the  right  of  the  road  is  composed  of 

speckled  diabase.     A  vein  of  red  feldspar  runs  through  it,  and  many 

patches  of  the  same  occur. 

Two  miles  west  of  Ansonia,  on  the  north  side  of  the  road,  in  the 
field  and  on  the  hillsides,  are  large  detached  masses  of  reddish  quart- 
zyte,  with  bands  of  pebbles  as  south  of  Ansonia.  Also  of  red  jaspery 
conglomerate. 

Some  two  and  a  half  miles  west  of  Ansonia,  in  the  S.  W.  i  sec.  8 
Lefroy,  on  the  right  of  the  road,  is  a  low  smooth  outcrop  of  fine- 
grained rock  (430),  appearing  like  schist  standing  nearly  on  edge,  and 
traversed  by  many  rough,  irregular  quartz  veins.  The  rock  on  weath- 
ering peroxidizes  a  considerable  amount  of  iron,  forming  a  rusty 
crust.  The  rock  is  excessively  tough,  and  thin  scales  are  pale,  yellow- 
ish-green translucent. 

The  strike  of  the  structure  referred  to  is  N.  75°  E.  and  the  dip  SO'' 
to  40"".  The  formation  is  intersected  by  metalliferous  veins.  The 
contained  matter  is  crystalline,  black,  with  red  streak. 

Two  and  a  half  miles  east  of  Ottertail  lake,  about  S.  E.  i  sec  31 
Rose,  is  a  white  vitreous  quartzyte,  having  a  dip  S.  53°  W.  amounting 
to  23°.  Within  limited  areas  it  is  purple;  but  the  purple  portions 
are  chiefly  related  to  a  vein  and  jointed  system  trending  S.  80°  E. 
There  are  also  spots  purple-colored,  consisting  of  hematite  in  the 
centre. 

Near  the  southeast  end  of  Ottertail  lake,  is  a  lofty  ledge  of  quartz- 
yte of  a  gray  color,  and  dipping  southwesterly.  This  is  on  the  left 
of  the  road  leading  from  the  village  of  Ottertail  north  to  Duff's  valley. 

Ottertail  village  is  at  the  southern  corner  of  Ottertail  lake,  in  the 
township  of  Plummer  and  on  the  south  side  of  the  stream.  Twenty 
rods  south  of  the  four  corners  is  a  prominent  outcrop  of  a  reddish  rock 
(435),  which  on  inspection  is  seen  to  have  a  southwesterly  dip,  and  is 
therefore  conformable  with  the  prevailing  quartzyte  of  the  region. 
It  is  not  however,  a  proper  quartzyte.     It  undergoes  change  on  ex* 
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posure  to  the  weather.     It  has  not  the  lustre  of  qoartzyte.     It  is 
<2oiiipact  and  has  a  large  feldspathic  constituent.     It  seems  to  be  a 
real  felsyte,  but  clearly  not  »b  erupted  felsyte.     Much  of  the  forma- 
tion is  thin-layered,  and  it  may  properly  be  designated  a  felsitic  schist. 

On  the  east  side  these  beds  can  be  seen  dipping  S.  58^  W.  at  an  angle 
•of  20°.  Here  also  is  a  dark,  slaty,  fissile,  somewhat  soft  trap-slate  in 
an  irregular  seam  striking  across  the  bedding  of  the  formation. 

Twenty  rods  west  and  at  a  higher  altitude,  the  felsyte  again  out- 
•crops:  but  the  dip  here  is  only  12'',  and  in  a  direction  N.  10®  E. 

The  prevailing  dips  in  this  region  have  been  found  toward  the  south- 
west. From  this  point,  a  ridge  of  white  quartzyte  can  be  seen  on  the 
northeast  at  the  distance  of  half  or  three-quarters  of  a  mile,  on  the 
north  side  of  the  river,  in  which  the  dip  is  diiectly  toward  this  felsyte. 
Unless  some  great  disturbance  in  the  order  of  stratification  exists,  the 
place  of  the  felsyte  is  above  the  quartzyte.  This  ridge  of  qurfrtzyte 
is  shining  white  and  though  it  attains  an  altitude  of  one  or  two  hun- 
dred feet,  a  dip  of  twenty  degrees  would  carry  the  top  of  it  quite 
below  the  felsyte. 

Thirty  rods  still  further  west,  and  about  half  a  mile  in  a  straight 
line  from  Ottertail  four  corners,  rises  a  conspicuous  bluff  twenty  feet 
high,  composed  essentially  of  felsyte  of  red  color  (434).  It  has  a  dip 
of  30°,  in  a  direction  N.  20^  E.  Here  can  be  seen  convincing  evid- 
ence of  transition  between  quartzyte  and  this  felsyte.  Not  only  is 
the  sedimentary  bedding  everywhere  observable,  but  here  the  red  fel- 
syte visibly  passes  into  a  dark  gray  flint  rock  just  perceptibly  tinged 
with  ashes-of-roses  color  where  uuweathered,  and  red  rusty  as  far  as 
the  weather  has  penetrated.  Under  the  lens,  the  fresh  rock  seems  to 
be  about  all  fine  amorphous  quartz,  with  numerous  glistening  points, 
which  really  look  like  thin  scales.  There  are  also  disseminated  small 
grains  of  quartz.  The  rusted  portion  is  a  skeleton  of  quartz  draped 
with  limonitic  oxide. 

On  the  highest  knob  facing  the  village  and  125  feet  above  it,  the 
rock  is  an  altered  slaty  conglomerate.  The  main  mass  is  dark  green- 
ish earthy  material,  similar  to  the  vein  in  435.  though  not  here  in  a 
vein — having  obscure  but  unmistakable  bedding,  appearing  brecciated 
in  places,  ioclosing  some  well-defined  angular  pieces  of  the  same;  but 
specially  noticeable  for  containing  many  worn  masses  of  granulyte 
•composed  of  white  quartz  and  a  larger  proportion  of  white  feldspar. 
This  whole  formation  is  therefore  conglomeritic;  and  its  position,  in 
•connection  with  the  prevailing  dips  in  the  neighborhood,  indicates 
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that  it  is  higher  than  the  felsyte  435.     But  of  this  one  cannot  feel 
sure,  since  some  of  the  dips  in  this  vicinity  lie  in  opposite  directions. 

In  general,  however,  we  may  say  that  in  the  hill  south  of  Ottertail, 
we  have  a  mass  of  highly  altered  schists,  which  range  from  felsitic  to 
quartzose  and  conglomeritic,  with  fine  earthy  slate  for  groundmass 
Their  vertical  relations  to  each  other  and  to  the  quartzytes  of  the 
vicinity  cannot  be  absolutely  determined  from  evidences  supplied  by 
the  neighborhood. 

About  half  a  mile  from  the  place  of  434  in  a  direction  S.  70°  £,  r]se» 
another  boss  of  felsitic  slate  with  bedded  structure  about  vertical, 
trending  toward  434,  but  of  the  lithological  character  of  the  rock  435. 

Twenty  rods  northwest  of  here,  and  about  in  a  line  parallel  with  the 
axis  of  Ottertail  lake,  and  on  the  south  of  it,  occurs  an  erupted  n^ass 
of  rock  (437),  weathering  light  gray  with  a  tinge  of  green,  and  com- 
posed of  pale  greenish  augite  and  lamellar  labradorite.  There  are 
occasional  rusty  spots,  but  no  iron  constituent  is  conspicuous.  The 
rock  approaches  a  compact  gabbro.  Its  position  is  also  above  the  great 
white  quartzyte  of  the  Ottertail  range,  and  perhaps  below  the  slaty 
felsyte  already  described.  It  may  however  exist  in  the  form  of  a  dike 
and  not  of  an  overflow.  The  outburst  traced  northward  a  few 
rods  is  found  terminating  in  a  cliff  75  feet  in  perpendicular  hight. 
Here  the  rock  has  a  more  diabasic  aspect. 

Down  the  Thessalon  river,  half  a  mile  below  the  bridge  at  Ottertail, 
is  found  an  outcrop  of  fine  grained,  well-bedded,  somewhat  fissile, 
cherty  limestone  (439),  gray  within,  but  weathering  cream-colored. 
It  dips  S.  58°  W.  at  an  angle  of  20''.  It  contains  bands  of  pale  red- 
dish color,  and  bands  of  chert.  It  is  a  cherty  limestone,  and  is  reputed 
a  lithographic  stone.  This,  like  the  cherty  limestone  seen  in  the  bed 
of  the  river  at  Ansonia,  may  represent  Sir  William  Logan's  ''chert  and 
limestone.**    This  I  will  designate  the  Ottertail  limestone. 

This  range  of  limestone  trends  conformably  with  the  Ottertail 
quartzyte,  and  holds  position  above  it,  unless  brought  up  from  below 
by  a  fault.  That  its  original  position  is  below  the  quartzyte  is  indica- 
ted, as  already  stated,  by  the  discovery  in  the  quartzyte  of  pebbles 
which  seem  to  have  been  derived  from  a  rock  of  the  kind. 

Leaving  this  neigborhood  and  penetrating  farther  into  the  interior, 
we  find  that  at  two  miles  north  from  Ottertail,  we  have  crossed  a 
white  quartzyte  ridge  about  a  mile  wide,  and  also  a  mass  of  underly- 
ing red  quartzyte  about  three-fourths  of  a  mile  and  strike  here  a  mass 
of  noryte  (440). 
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Four  miles  north  of  Ottertail,  we  pass  another  sharp  hill  formed  of 
noryle-looking  material  which  would  perhaps  pass  for  gabbro. 

In  the  town  of  Plummer,  two  miles  south  of  Murray's  Corner,  one 
and  a  half  miles  north  of  Orange  Hall,  and  somewhat  more  than  four 
miles  north  of  Ottertail,  on  the  west  side  of  the  road,  is  a  high  out- 
crop of  metamorphic  slates  (441),  mostly  compact,  with  slatiness  mod- 
erately well  developed,  but  to  a  large  extent  a  well  characterized  slaty 
argillyte,  siliceous  in  places  and  inclosing  bands  of  siliceous  schist. 
It  is  impossible  to  possess  any  information  respecting  the  Animike 
aeries,  without  recognizing  that  formation  here.  The  dip  is  S.  30°  W. 
at  angle  of  46°. 

This  formation  clearly  passes  under  both  of  the  quartzytes — the 
white  and  the  red. 

It  is  now  apparent  that  the  rock  441  is  also  Animike  slate. 

Twelve  rods  northeast  of  this,  and  separated  from  it  by  a  little 
valley,  is  an  isolated  outcrop  whis  is  largely  red  felsyte  (442),  but  is 
also  largely  an  incipient  gran'ulyte — the  red  feldspar  appearing  in 
progress  of  separation  from  the  quartzose  constituent.  This  is  fine- 
grained, and  the  quartz  appears  in  small  round  globules.  This  trans- 
itional state  between  felsyte  and  granulyte  has  a  petrographic  signifi- 
cance analogous  to  that  between  felsyte  and  quartzyte  as  seen  in  434. 

It  is  worthy  of  note  that  the  stratigraphical  position  of  this  felsyte, 
as  will  presently  appear  is  a  short  distan<!e  below  the  summit  of  the 
Plummer  argillyte — just  as  the  felsyte  at  Ottertail  appears  to  be  super- 
imposed by  a  similar  slaty  argillyte  at  the  summit  of  ti\e  knob  south 
of  Ottertail. 

Eight  rods  beyond,  and  close  by  the  north  and  south  road,  a  ridge 
of  noryte  (443),  comes  down  from  the  west.  It  appears  to  contain 
magnetite,  and  may  probably  be  regarded  as  a  proper  gabbro. 

At  Murray*s  Corner,  23^  miles  from  Thessalon,  on  the  town  line, 
one  mile  west  of  the  northeast  corner  of  Plummer,  rises  an  enormous 
promontory  of  argillyte  (444, 445),  the  greater  mass  of  which  extends 
over  into  the  town  of  CofiBn,  sec.  36.  It  has  the  same  character  as 
441;  but  the  dip  is  much  steeper — being  southward  78*.  It  contains 
pebbles  of  red  granulyte,  of  all  sizes  up  to  two  feet  in  diameter  It  re- 
calls somewhat  the  peripheral  portions  of  the  Oghiske  conglomerate, 
but  is  somewhat  more  earthy. 

From  the  top  of  the  hill,  which  is  probably  175  feet  high,  above 
the  road,  is  reveaW  a  wide  outlook  over  the  surrounding  country. 
Close  by  is  Rock  nlke,  on  the  west.  Beyond,  rise  high  hills,  with 
wavy  outlined  tops;  and  in  the  horizon,  the  country  looks  mountain- 
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ous.  [a  all  directious,  the  region  is  hilly,  broken  and  rough.  The 
rock  formation  on  the  summit  is  hard  and  alaty,  and  contains  red 
granulyte  pebbles.     The  direction  of  the  dip  is  S.  20"  W. 

The  formation  in  the  vicinity  inclndes  a  bed  of  qnartzjte  in  which 
occurs  crystallized  liEemstite  in  small  branched  veins. 

On  the  "Soo  "  road,  two  miles  southeast  of  Ottertail,  is  another 
outcrop  of  Plummer  slates,  very  similar  to  430  and  431.  The  slate  is 
bluish-black,  weathering  greenish.  The  stratification  is  horizontal — 
ftu  attitude  which  may  indicate  the  passage  to  the  opposite  dip — that 
is,  toward  the  northwest.  The  shale  is  fissile  and  intersected  by  many 
joints,  which  are  frequ^rttly  filled  with  brillant  iron  oxide.  It  in- 
cludes a  bed  of  red  quartzyte,  the  faulting  of  which  is  illustrated 
below: 


Fig.  1\.— 'Faulting  of  a  red  quartzyU  bed,  two  mihs  southeast  of 
Ottrrtaii,  Ontario.     In  Huronian  slates. 

The  slates  have  been  faulted  the  same  as  the  quartzyte;  but  that 
does  not  show. 

The  movements  of  this  formation  havn  opened  chasms  6  to  12  inches 
wide,  which  have  been  filled  mostly  with  a  breccia  of  the  country 
rock.     It  also  contains  rounded  pebbles  of  red  granuljte. 

Within  a  distance  of  twelve  rods  of  this  place,  on  the  east,  is  an- 
other outcrop  of  the  same  (446)-  It  contains  rounded  pebbles  of 
syenite  with  red  feldspar,  also  great  angular  masses  intersecting  the 
formation  but  limited ;  having  apparently  a  siliceous  constitution,  but 
without  any  qunrtzose  lustre.  On  closest  inspection  with  a  lens,  I 
can  distinguish  apparent  particles  of  reddish  feldspar,  and  many 
specks  appearing  likt-  haematite  or  magnetite. 

The  quartzyte  (447),  seems  to  be  very  finely  porous,  and  resembles 
that  containing  iron  ore  at  Matberson's,  near  Murray's  Corner.  It 
serves  to  identify  the  lower  division  of  the  PMmmer  slate-conglom- 
erate. 

At  about  one  and  half  miles  north  of  Bruce,  on   the  "  Soo  "  road, 
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the  slate  conglomerate  outcrops  again.  It  contains  red  jasper  pebbles 
and  graywacke,  and  the  formation  is  rather  harder  than  at  the  last 
two  points. 

From  here  eastward  the  slate  conglomerate  outcrops  frequently — 
even  as  far  eastward  as  McEwen's  cross  roads  and  school-house 

3.   Observations  in  the  vicinity  of  the  Blind  and  Missisagui  rivers. — 
This  investigation  was  also  pursued  in  the  vicinity  of  Blind  and  Missisa- 
gui rivers.   At  Blind  river  landing,  the  rock  (413)>  first  seen  and  widely 
distributed  in  the  vicinity,  is  massive,  well  glaciated,  dark  colored, 
apparently  composed  of  augite  in  a  crystalline  groundmass,  with  many 
iuterbedded  grains  of  reddish  feldspar  (oligoclase)  and  fewer  grains  of 
a  pale  greenish  feldspar.     It  is  therefore  a  diabase  like  that  at  Thes- 
salon,  but  with  the  individuals  larger.     No  quartz  can  be  discovered. 
On  the  east  side  of  the  bay,  near  the  upper  sawmill  at  Blind  river, 
is   a  red,  vitreous  quartzyte  C^tl^).  very  obscurely  bedded.     Close  by, 
on  the  south,  is  a  diabasic  formation.     Next  follows  another  mass  of 
quartzyte,  more  distinctly  bedded,  having  a  dip  of  48°  in  a  direction 
S    12''  E.     The  intervening  diabase  is  also  bedded. 

In  the  cut  of  the  Canada  Pacific  Railroad  are  irregular  alternations 
of  vitreous  quartzyte  and  diabasic  rock,  but  the  two  are  not  seen  to 
be  interbedded.  Their  relation  is  one  oi  unintelligible  confusion. 
The  diabase  is  often  quite  slaty,  but  is  in  isolated  and  fragmentary 
masses,  lying  in  all  positions  in  reference  to  the  structure.  There 
seems  to  have  been  a  junction  here  between  the  quartzyte  and  the  dia- 
base, but  both  are  broken  into  fragments,  and  the  two  are  mixed  in 
great  confusion.  The  quartzyte,  however,  can  generally  be  seen  to 
have  a  tendency  to  a  southeasterly,  dip,  and  to  strike  northeast. 
The  diabase  sometimes  shows  bedding  coincident,  but  the  bedded 
character  is  not  persistent,  and  we  cannot  find  the  diabase  anywhere 
passing  under  the  quartzyte.  In  some  places  it  terminates  by  a  verti- 
cal joint  agaiust  the  quartzyte.  The  quartzyte,  in  approaching  the 
diabase,  sometimes  becomes  darker,  without  ceasing  to  be  strictly  a 
quartzyte.  Some  of  the  slaty  patches  of  the  so-called  diabase  become 
distinctly  siliceous,  without  the  presence  of  isolated  grains;  and  the 
rock  thus  acquires  the  character  of  a  siliceous  argtUyte  (418)  in  its  ex- 
terior aspect.  I  did  not  discover  the  evidence  that  these  siliceous 
slates  constitute  any  part  of  the  quartzyte  formation  rather  than  of 
the  so-called  diabase  slate.  They  are  intermediate  between  the  two. 
North  of  the  cut  of  tJ|e  railroad  at  Blind  river  is  a  wide  area  occu- 
pied by  rocks  of  the  same  general  character,  that  is,  quartzytes  and 
diabases,  but  chiefly  here,  diabases.  Of  these,  one  variety  contains 
21 
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only  a  pale  greenish  feldspar  (415);  another  cootains  also  a  pink  feii- 
spar  (416).  The  greenish  feldspar,  in  both  varieties,  tends  to  becon  - 
conflaent  with  the  dark  mineral,  and  form  a  feldspatliic  ground  mas 
In  other  specimens,  the  dark  mineral  remains  well  isolated,  aod  il 
places  tends  to  a  lamellar  crystailiBation  (417). 


Fig.  12. — A  yield  of  diabaae.  Blind  river,  Ontario. 

Similar  alternations  of  quartzyte  and  diabase  are  found  in  all  the 
surrounding  regions,  and  upon  the  islands  contiguous  to  the  mouth 
of  the  river. 

On  the  railroad  track,  one  mile  west  of  Blind  river,  we  find  diabase 
apparently  identical  with  that  at  the  sawmill. 

About  one  and  a  quarter  miles  west  of  Blind  river,  south  side  of  the 
railroad,  is  a  large  outcrop,  mostly  diabase;  but  there  is  a  mass  of 
bedded  quartzyte  in  it,  twenty-five  feet  wide,  and  striking  N.  70°  E. 
It  is  a  white,  compactly  granular  rock,  distinctly  bedded,  with  a  dip 
of  7.'>°  toward  the  hii^her  mass  of  diabase.  The  latter  appears  both 
sides  of  the  quartzyte,  but  it  is  not  reveale.i  whether  the  quartzyte  is 
interbedded.  The  upper  junction  with  the  diabase  is  nearly  vertical 
as  far  as  indicated,  but  dips  southward  about  85°  apparently,  so  thit 
the  beds  of  quartzyte  are  intersected  by  the  diabase  On  the  north 
junction,  the  contact  is  also  about  vertical,  but  dips  rather  northward 
than  southward.  The  quartzyte  traced  eastward  a  Few  rods,  ia  seen  to 
terminate,  the  diabase  connecting  from  the.  south  to  the  north  side. 
On  the  west,  the  quartzyte  passes  under  lowgronnd  and  disappears. 

This  case  is  very  similar  to  one  in  the  Thessalon  valley  illustrated 
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in  fig^.  8.  The  general  relations  of  the  quartzyte  and  diabase  may  also 
be  compared  with  those  seen  at  localities  about  the  mouth  of  McBeth's 
creek  and  in  the  Thessalon  valley. 

At  about  two  miles  from  Blind  river,  on  the  west  side  of  the  west 
mouth  of  the  river,  occurs  a  quartzyte  dipping  about  N.  N,  W.  This 
is  soon  succeeded  by  diabase  of  the  familar  sort. 

At  two  and  a  half  miles  from  Blind  river,  is  an  outcropping  of  much 
quartzyte,  having  generally  a  dip  toward  the  northwest,  with  reddish 
color,  varying  to  dark  gray,  and  a  vitreo-granular  texture.  Some 
patches  are  of  a  greenish  color,  but  still  completely  siliceous. 

At  the  Missisagui  river,  is  a  rock-cut  on  the  railroad,  one  and  a 
half  miles  from  the  mouth  of  the  river.^  Here  is  a  distinctly  bedded 
structure  dipping  west  about  45°.  Of  course,  this  may  all  belong  to 
an  erupted  rock  It  may  also  be  the  remains  of  an  originally  sedi- 
mentary arrangement. 

Some  of  the  rock  (419)  is  bluish  black,  with  an  augitic  groundmass, 
in  which  are  imbedded  individuals  of  red  feldspar.  These  are  some- 
times pretty  sharply  outlined  grains,  a  sixteenth  of  an  inch  in  diame- 
ter or  less  (421),  Sometimes  the  red  feldspar  is  in  minute  blended 
grains  and  strings,  as  if  just  emerging  into  existence  (420).  Mixed 
with  this  rock,  are  angular  masses  of  red  quartzyte  (424),  tending  to  a 
disposition  Rtructufally  similar  to  the  last,  but  certainly  without  evid- 
ence of  true  interbedding.  Portions  have  a  petrosiliceous  look  (425). 
In  some  of  the  joints  between  the  two  kinds  of  rock,  are  sheets  of 
dark  slaty  chloritic  rock  (422)  which,  of  course,  may  have  resulted 
from  friction,  and  probably  have,  though  also,  possibly  remnants  of 
an  originally  sedimentary  structure. 

Most  of  the  rock  is  a  bluish  black  mass,  apparently  consisting  of 
angite  and  feldspar — thin  edges  being  translucent. 

At  the  mouth  of  the  Missisagui  river,  on  the  west  side,  is  a  large 
boss  of  diabase  (426).  The  great  mass  appears  to  be  augitic;  but  feld- 
spar is  present  in  white  branching  nuclei.  In  contact  is  a  bed  of 
vitreous  quartzyte — real  gray  or  smoky  flint  (427) . 

On  the  east  side,  at  the  extremity  of  the  promontory,  is  a  great 
mass  of  flinty  quartzyte,  striking  N.  74°  E,  with  a  dip  south  of  74"". 
The  stratification  is  but  little  undulate,  but  diagonal  bedding  is  fre- 
quent. Bands  of  the  rock  present  the  character  of  siliceous  slate. 
This  flint  is  at  least  180  feet  thick.  It  is  succeeded  on  the  north  by 
compact  diabase.  The  junction  between  the  two  seems  to  be  vertical; 
but  its  bearing  is  N.  66°  £.  and  therefore  intersects  the  bedding  of 
the  quartzyte.     Still  beyond,  the  quartzyte  reappears. 
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In  proceeding  eastward  from  the  point  at  the  mouth  of  the  rirer,  it 
is  seen  that  the  quartzyte  of  the  point,  after  reachin>^  a  total  thick- 
ness of  225  feet,  is  succeeded  by  dark  diabase. 

At  the  mouth  of  Little  Bear  creek,  one  mile  east  of  Missisagai,  dia- 
basic  knobs  appear,  which  continue  along  the  coast  eastward.  Occa- 
sionally, a  section  of  bedded  quartzyte  appears  alongside.  lu  one 
instance,  the  junction  could  be  traced  60  feet  under  water.  Then,  ou 
the  east  side,  the  quartzyte  terminated  in  a  perpendicular  section, 
descending  into  Black  river. 

This  coast,  between  Missisagui  and  Blind  rivers,  is  mostly  quarzyw 
•of  a  vitreous  variety  and  steep  dip.  About  one-fifth  is  diabase.  Vast 
quartzose  masses,  with  the  angles  duo  to  bedding  and  jointing,  can  be 
seen  passing^  in  many  places,  into  twenty  or  thirty  feet  of  water. 

In  a  comparision  of  the  geology  of  the  Missisagui  and  Blind  rirers 
with  that  of  the  Thessalon  near  the  mouth,  we  find  this  difference 
observable.  The  quartzyte  is  more  vitreous,  and  has  a  higher  dip  than 
that  north  of  Thessalon,  and  is  entirely  destitute  of  pebbles  and  frag- 
ments. The  diabase  is  mostly  finer  textured  than  that  about  Thessa- 
lon and  Bruce;  but  ou  the  contrary,  portions  of  it  are  coarser  textured, 
an#take  on  the  aspect  of  hyposyenite,  or  syenite  of  the  Germans. 
That  Hupposes,  however,  that  the  pink  feldspar  so  generally  present  is 
orthoclase;  but  the  augitic  appearance  of  the  dark  mineral  would 
render  that  supposition  improbable.  The  mode  of  crybtallization 
moreover,  is  little  like  that  of  syenitic  rocks. 

4.  Generalization  from  observations  made  on  the  Huronian  of  Ontario. 
— The  observations  thus  reported  are  deemed  sufficient  to  convey  a 
just  conception  of  the  meaning  of  the  Canadian  geologists  in  propos- 
ing the  Huronian  system.  It  only  remains  to  correlate  them,  and  as- 
certain what  state  of  facts  gives  rise  to  the  phenomena  observed. 

It  is  very  evident  that  a  large  volume  of  eruptive  rocks,  moi^tly  liia- 
bases  and  norytes,  is  present  with  a  great  thickness  of  rocks  of  un- 
doubted sedimentary  origin ;  while  an  equal  volume  of  obscurely  slaty 
character,  without  quartz,  presents  an  ambiguous  aspect.  The  latter 
appear  to  constitute  the  "  green  chlorite  schist "  of  Logan.  At  Bruce 
and  Thessalon,  they  occupy  the  general  surface;  and,  as  far  as  exter- 
nal appearances  go,  might  be  either  an  ancient  and  much  altered 
overflow  of  erupted  matter,  or  a  highly  altered  deposit  of  sedimen* 
tary  origin.  In  several  instances  noted,  the  quartzytes  contain  large 
angular  fragments  of  such  character  that  they  seem  derived  from  the 
"green  chlorite  schist,"  or  diabase  schist,  as  I  have  sometimes  styled 
it;  and  this  circumstance  would  give  countenance  to  the  theory  that 
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the  latter  are  older,  and  probably  sedimentary  in  origin.    The  uniform- 
ity, in  the  trend  of  the  obscure  slatiness  observed,  points  also  to  a 
sedimentary  origin.     On  the  other  hand,  the  microscope  reveals  in  the 
minute   structure,  a  multitude  of  small,  highly  refractive  crystals, 
imbeddrd  in  a  large  volume  of  amorphous  matter.     From  some  local- 
ities, rock-sections  contain  many  araygdular  forms,  refractive,  and  not 
pleochroic  in  white  light,  but  bluish-green  crystalline  in  polarized 
light,  without  change  on  rotation.     While  I  do  not  consider  a  sub- 
crystalline  structure  demonstrative  of  a  non-sedimentary  origin,  but 
only  of  a  non-sedimentary  present  character,  I  am  led  to  assume,  for 
the  present,  that  the  slaty  sheets  covering  the  surface  about  Bruce 
and   Thessalon,  and  generally  about  the  Blind  and  Missisagui  rivers, 
in  the  regions  examined,  are  really  ancient  overflows  of  erupted  ma- 
terial.    Strongly  corroborative  of  the  correctness  of  this  assumption, 
are  the  minute  amygdular  structures  just  mentioned,  and  the  macro- 
scopic amygdular  forms  described  near  the  head  of  the  bay  at  Thessa- 
lon; since,  on  the  accepted  explanation  of  the  origin  of  such  features, 
the   vicissitudes  of  a  metamorphic  sediment  supply  conditions  less 
suited  to  their  production  than  do  the  conditions  of  an  erupted  or 
intrusive  mass. 

Whatever  may  be  the  origin  of  the  so-called  diabasic  slates  of  the 
coast,  undoubted  diabases,  norytes  and  gabbros  exist  in  frequent  oc- 
currence and  great  abundance  in  the  interior;  and  especially  along 
the  valley  of  the  Thessalon.  But  these  masses  do  not  occur  in  the 
condition  of  wide  overflows  'I  found  them  nowhere  occupying  exten- 
sive surface  areas,  or  interbedded  between  sheets  of  clastic  formations, 
nor  even  underlying  them.  They  generally  appear  as  dikes  with  nearly 
vertical  walls,  holding  various  positions  in  reference  to  the  lines  of 
sedimentation  of  the  rocks  which  they  pierce.  Only  in  one  instance 
did  I  observe  a  diabasic  mass  resting  on  the  sedimentary  rocks.  But 
I  could  not  affirm  that  they  nowhere  in  the  interior  exist  as  inter- 
bedded formations. 

Passing  by  all  these  intrusive  and  quasi-eruptive  formations,  the 
characteristic  features  of  the  Huronian  are  to  be  sought  in  its  clastic 
rocks.  Of  these,  we  find  conspicuously,  two  great  quartzyte  forma- 
tions— the  Ottertail  and  Thessalon  quartzytes — pretty  closely  approx- 
imated in  vertical  relations,  and  two  great  argillitic  slate  formations, 
alho  closely  approximated  in  a  vertical  sense — the  upper  and  lower 
Plumroer  argillytes.  Whatever  uncertainty  may  exist  in  reference  to 
the  stratigraphical  positions  of  subordinate  beds,  there  is  no  doubt 
that  the  relative  situations  of  these  is  correctly  shown  below: 
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Ottertail  (white)  Quarizyte. 

Thessalon  (red  and  gray)  Qaartzyte. 

C  Upper. 
Plummer  (coiiglomeritic)  Argillyte  < 

(  Lower. 

These  constitate  the  principal  part  of  the  mass  of  Huronian  strata. 
The  Ottertail  or  white  quartzyte  attains  a  vertical  thickness  which  I 
would  estimate  at  four  thousand  feet.     This  estimate  is  based  on  the 
distance  traversed  across  the  formation   in  proceeding  north  a  mile 
and  a  half  from  Ottertail.     The  Thessalon  or  red  quartzyte  is  estim 
ated  to  have  a  vertical  thickness  of  five  thousand  feet.     The  method  of 
forming  this  estimate  has  been  explained  in  the  preceding  pages.    The 
Plummer  or  conglomeritic  argillyte  has  also  a  great  thickness.     In  the 
region  north  of  Ottertail  and  Rock  lakes  where  the  northern  outcrop 
occurs,  we  travelled  across  the  trend  of  the  formation  for  a  distance  of 
over  two  miles,  and  the  northern  limit,  apparently,  was  not  reached. 
At  Murray's  Corner  the  dip  is  75°,  and  at  the  southern  margin,  it  is 
48°.     If  we  assume  the  average  dip  at  50°,  and  the  horizontal  distance 
across  the  formation,  at  two  miles,  we  calculate  the  vertical  thickness 
of  the  Plummer  argillyte  (upper  and  lower),  as  a  little  over  8,000  feet. 
There  would  be  little  risk  in  setting  down  the  aggregate  thickness  of 
these  three  terranes  as  17.000  feet. 

The  Ottertail  quartzyte  is  mostly  white,  subvitreous  and  massively 
bedded.  It  contains  few  pebbles.  The  Thessalon  quartzyte  is  less 
massive^  and  generally  contains  ferruginous  and  argillaceous  impur- 
ities. The  upper  portion  especially — but  all  parts  to  some  extent — 
embraces  dispersed  pebbles  of  a  siliceous  character,  often  ranged  in 
courses,  and  among  them  pebbles  of  red  and  black  jasper.  As  bould- 
ers of  a  red  jaspery  conglomerate  are  seen  on  the  south,  there  is 
reason  to  suppose  the  upper  portion  of  the  Thessalon  quartzyte  lo- 
cally assumes  this  character;  and  would  thus  answer  to  Logan's  ''red 
jasper  conglomerate,"  which  he  places  between  the  "red"  and 
"white"  quartzytes.  In  my  estimate  of  thickness,  I  include  the  con- 
glomeritic portion  Some  of  the  pebbles  of  the  red  quartzyte  are 
glassy  vitreous.     It  also  contains  great  angular  masses  of  itself. 

That  which  I  have  designated  the  Plummer  argillyte  seems  to  be 
divided  into  two  portions,  as  I  shall  point  out;  but  both  contain, 
generally,  disseminated  pebbles.  These  are  mostly  reddish,  and  of 
tiie  character  of  granulyte,  or  granulitic  gneiss,  up  to  two  feet  in  dia- 
meter. Others  are  of  red  jasper,  white  quartz,  gray  wacke  greenstone, 
fivt*iiite  and  mica- bearing  granite.     It  may  therefore,  be  designated  as 
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conglomeritic.  It  would  be  misleading,  however,  to  style  it  a  con- 
glomerate, even  a  ''slate  conglomerate/'  Conglomeritic  slate,  how- 
ever, is  admissible.    The  greater  part  of  the  mass  is  a  slate. 

This  slate  is  quite  uniformly  dark  argillyte.    Generally,  also,  it  is 
permeated  by  a  siliceous  constituent.     In  many  places  it  assumes  the 
<ionditiori  of  a  siliceous  argillyte,  and  not  unfrequently,  of  a  siliceous 
schist,  more  or  less  darkened,  but  occasionally  vitreous.     It  conveys, 
however,  an  erroneous  conception  to  describe  the  formation,  or  any 
portion  of  it,  as  a  "  quartzyte,*'  or  even  a  quartz  schist.      Some  por- 
tions may  be  denominated  siliceous  schist  or  flint  schist.     Aside  from 
the  disseminated  pebbles  the  formation  is  the  exact  prototype  of  the 
dark  schists  of  Gunflint  lake  of  Minnesota,  and  of  the  Aninuke  form- 
ation of  Thunder  bay. 

These  great  formations  present  two  series  of  outcrops.  The  one  is 
on  the  southwest  of  the  Thessalon  river,  with  dips  in  a  northerly 
and  northwesterly  direction;  the  other  series  is  on  the  northeast  of 
the  river,  with  dips  southwesterly.  Owing  to  great  dislocations,  these 
two  series  do  not  precisely  face  each  other.  Thus  the  Thessalon 
valley  marks  the  location  of  a  synclinal,  as  announced  by  the  geolo- 
gists of  Canada. 

Besides  these  great  type  masses  of  the  Huronian,  we  find  some 
relatively  unimportant  terranes,  whose  skratigraphical  positions  pro- 
voke discussion.  On  the  north  of  Bruce,  at  the  distance  of  a  mile,  is 
an  impnre  limestone,  which  I  will  call  the  Bruce  limestone,  somewhat 
earthy,  crystalline  and  thin-bedded,  but  not  attaining,  as  far  as  I  ob- 
served, a  thickness  exceeding  one  hundred  feet.  In  the  bed  of  the 
stream  at  Ansonia,  is  an  obscure,  siliceous  limestone  appearing  to 
stand  vertically:  and  near  Ottertail,  is  a  very  similar  cherty 
limestone,  dipping  conformably  with  the  ueighboring*quartzyte  This 
I  will  designate  the  Otterlail  limestone.  There  can  be  no  risk  in 
identifying  these  two  outcrops,  since  the  rock  is  very  similar  in  the 
two,  and  is  peculiar.  But  on  these  grounds,  the  Bruce  limestone  must 
be  distinguished.    Its  stratigraphical  position  also,  seems  removed. 

In  addition  to  the  limestones,  we  find  three  separated  outcrops  of 
reddish  felsyte — passing  into  quartzyte  and  granulyte.  Petrographic- 
ally,  they  must  be  identified  but  the  mode  of  showing  how  this  is 
structurally  possible  affords  ground  for  debate. 

Thirdly,  we  find,  especially  about  the  mouth  of  the  Missisagui,  a 
peculiar  vitreous,  often  reddish,  quartzyte — along  the  line  of  the  Can- 
ada Pacific  railroad  surprisingly  broken  and  intermingled  with  dia- 
basic  masdes.    Its  aspuct  is  notably  different  from  that  of  the  Thessa- 
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loD  aud  Ottertail  quartzytes;  it  contains  no  pebbles;  it  is  not  gran, 
ular;  and  it  has  also,  a  steeper  dip.     In  constitution  it  is  quite  purely 
siliceous,  and  about  the  mouth  of  the  Missisagui  assumes  the  char- 
acter of  genuine  flint.     I  do  not  feel  inclined  to  regard  it  as  resting 
in  continuity  with  either  of  the  other  quartzytes — ^still  less,  as  the  deep 
sea  representative  of  the  Plummer  slate.     Petrogrphically,  the  latter 
conclusion  is  reasonable.     Structurally,  the  dip  being  in  the  opposite 
direction  from  that  of  the  Plummer  slate,  an  anticlinal  must  separate 
the  two.   Still,  this  is  not  a  fatal  objection  to  the  yiew.    A  real  petro- 
graphic  objection,  however  seems  to  lie  against  it  in  the  necessity  of 
supposing  the  Plummer  slate  has  undergone  so  great  a  change  within 
the  distance  of  25  miles  toward  the  southeast,  while  in   the  opposite 
direction,  it  has  retained  persistent  characters  as  far  as  Thunder  bay 
and  Gunflint  lake — a  distance  in  a  straight  line,  at  least  seven  times 
as  great.     I  sliall  therefore  set  the  Missisagui  quartzy te  down  as  a  dis- 
tinct formation;  and  this  is  what  I  think  Logan  has  intended  to  do. 
Travelling  over  it  four  miles,  from  the  Missisagui  to  Blind  river,  we 
pass  partly  in  the  direction  of  the  strike.     That  is,  the  strike  is  N. 
74°  E.  and  the  line  of  co^'st  is  S.  80""  E.     The  four  miles  of  coast, 
therefore,  go  at  right  angles,  one  and  a  half  miles  across  the  forma- 
tion; and,  as  the  dip  at  the  Missisagui  river  is  74°.  the  resulting  ver- 
tical thickness  of  the  formation,  supposing  half  the  distance  diabase, 
is  over  3,750  feet.     This  all  depends,  however,  on  the  continuance  if 
a  dip  of  74°  all  the  way  between  the  Missisagui  and  Blind  rivers.    No 
formation  of  such  volume  exists  between  the  top  of  the  white  quartz- 
yte  and  the  bottom  of  the  Plummer  argillyte;  and  I  shall  therefore, 
put  it  down  below  the  Plummer  argillyte. 

It  remains  to  ascertain  the  positions  of  the  limestones  and  the  fel- 
syte.     If  the  Bruc^  limestone  is  distinct,  as  I. believe,  from  the  Otter- 
tail  limestone,  there  seems  to  be  no  possible  position  for' it  but  below 
the  Plummer  argillyte;  and,  as  the  Missisagui  quartzyte,  assuredly,  is 
not  above  this  limestone,  it  must  lie  above  that  quartzyte. 

The  Ottertail  limestone  and  the  felsyte  remain.  At  Ottertail,  the 
limestone  lies  constructively  above  the  white  quartzyte;  but  the*  red 
(or  lower)  quartzyte  contains  pebbles  of  this  limestone;  and  the  latter 
must  hold  position,  therefore,  below  both  quartzytes.  Moreover, 
at  Ansonia,  its  topographic  and  constructive  position  is  below 
the  red  quartzyte.  Its  regular  stratigraphical  place,  therefore, 
at  Ottercail,  is  9,000  feet  below  the  top  of  the  white  quartzyte; 
but  we  find  it  only  250  feet  below  topographically;  and  if  the 
neighboring  quartzyte  were  produced  to  the  outcrop  of  the  Otter- 
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.  tail  liDiestone,  the  latter  would  appear  even  above  the  top  of  the 
former.  This  limestone  must,  therefore,  be  raised  at  least  t^000 
feet  above  its  original  position;  and  a  fault  of  this  ma£:nitu()e 
must  run  along  the  valley  of  the  river  in  this  vicinity.  This 
would  assign  the  Ottertail  buff  and  cherty  limetone  to  a  position  be* 
tween  the  red  quartzyte  and  the  Plummer  argillyte.  Sir  Wiliam  Lo^hh 
has  posited  "yellow  chert  and  limestone"  between  a  ''white  quartzyte 
chert  and  limestone"  above,  and  a  ''white  quartzyte"  below — appar- 
ently within  the  mass  which  I  have  denominated  white  or  Ottertail 
quartzyte. 

Now  as  to  the  felsyte,  I  find  it  exposed  in  three  localities  visited; 
and  in  each  place  I  find  a  small  amount  of  Plummer  argillyte  at  a 
higher  level.  North  of  Ottertail,  the  super-jacent  argillyte  has  a  ver- 
tical thickness  of  about  a  hundred  and  fifty  or  two  hundred  feet. 
South  of  Ottertail,  it  is  not  over  sixty  feet  to  the  summit  of  the  hill 
which  it  caps.  But  both  felsyte  and  argillyte  are  stratigraphically 
out  of  place  in  the  outcrop  south  of  Ottertail.  They  are  far  above 
their  normal  stratigraphic  position.  They  are  also,  within  three- 
quarters  of  a  mile  of  the  Ottertail  limestone,  which  I  have  just  now 
concluded  to  be  raised  9,000  feet  by  a  fault.  But  in  the  next  place^ 
the  felsyte  at  Ottertail,  is  topographically  75  feet  above  the  limestone^ 
while,  as  I  reason,  its  normal  place  is  at  least  150  fe^t  below  it.  The 
felsyte  then,  has  been  raised  225  feet  more  than  the  limestone.  An- 
other fault  of  this  amount,  must  therefore,  intervene  in  the  240  roJs- 
of  surface  between  the  limestone  and  the  felsyte. 

Recapitulating  and  tabulating  these  conclusions,  we  should  have  the 
Huronian  of  Canada,  as  far  as  observe!,  constituted,  in  descending^ 
order,  as  follows : 

8.  Ottertail  (white)  Quartzyte 4,000  feet 

"I.  White  Quartzyte,  chert  and  Limestone"  and  '4 
White  Quartzyte"  of  Logan. 

7.  Thessalon  (red  and  gray)  Quartzyte 5,000  '* 

'^h.  Red  Jasper  Conglomerate*'  and  "g.  Red  Quartz- 
yte  of  Logan. 
(I  think  Logan's  **c.  White  Quartzyte''  must 
belong  here  also.) 

6.  Ottertail  Cherty  Limestone  say ••      100^ 

"k.  Yellow  Chert  and  Limestone"  of  Logan. 
5.  Upper  Plummer  (conglomeritic  and  siliceous)  Argillyte     500- 
''f.  Upper  Slate  Conglomerate"  of  Logan»  in  part, 
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4.  Red  Felsyte,  gran  uljte  and  quatzyte 100  feet 

Not  mentioned  by  Logan.     The  "e.  Limestone"  of 
Logan  is  lower,  and  not  noticed  by  me. 
3.  Lower  (conglomeritic  and  siliceous)  Argillyte 7,400 

**d.  Lower  Slate  Conglomerate"  of  Logan. 
2.'  Bruce  Limestone 100 

This  seems  to  be  placed  elsewhere  by  Logan. 
(Logan's  ''Green  Chloritic  Slate"  is  in  this  interval.) 
1.  Missisagui  (yitreous)  Quartzyte 3,750  ** 

"a.  Gray  Quartzyte"  of  Logan. 

It  will  be  observed  that  neither  the  lower  nor  the  upper  limit  of  the 
Huronian  is  embraced  in  the  observations  above  reported.  It  may 
be  added,  therefore,  that  the  white  quartzyte  is  seen  occupying  the 
north  shore  of  the  Channel  as  far  as  the  St.  Mary's  river,  and  it  ap- 
pears, also,  along  part  of  the  north  shore  of  St.  Joseph's  island.  Here 
I  found  it  immediateFy  overlaid  by  a  siliceous  and  fossiliferous  lime- 
stone— apparently  the  Chazy.  The  same  was  observed  years  ago,  at 
Campement  d*Ours  and  at  Sulphur  island,  six  miles  south-southwest 
of  Thessalon  point  The  same  superposition  is  reported  at  all  the 
islands  ranged  along  parallel  with  the  north  shore  of  the  Channel.  It 
thus  appears  that  the  Huronian  is  a  system  following  downward  im- 
mediately below  the  Lower  Silurian,  in  this  part  of  the  continent.  If 
no  intervening  terranes  are  wanting,  it  follows  that  it  occupies  the 
position  of  the  Taconie  of  Emmons  and  the  Lower  Cambrian  of 
Sedgwick. 

At  its  lower  limit,  it  must  be  succeeded  by  formations  of  vitreous 
quartz,  red  jasper  and  gray wacke,  besides  greenstones,  red  granulytes, 
red  gneiss  and  mica-bearing  granite;  since  fragments  of  all  these  oc- 
cur in  the  Plummer  argillyte.  It  may  be  admiti;ed  that  the  quartzyte 
pebbles  of  the  argillyte  were  derived  from  the  Missisagui  quartzyte; 
•but  the  red  jasper  and  gray  wacke  must  have  been  derived  from  a  ter- 
rane  older  than  the  Huronian.  and  evidently  newer  than  the  crystalline 
masses  of  the  Laurentian.  The  character  of  this  underlying  system 
mill  appear  in  the  records  of  my  subsequent  observation.* 

I  should  not  do  justice  to  my  sentiments  nor  to  the  labors  of  the 

•  A  eondeasad  ^noptAs  of  the  foregoing  obsBrvaUons  and  tnftronoM  wm  preientM  at  tht  New  York 
MeeUngof  the  American  Ateoolation  for  the  AdYanoement  of  Science,  under  the  title  of  "TteHn- 
rontan  System  of  Canada.**  Nothing,  howeror,  haa  appeared  In  print  from^mj  pen.  Other  commnnl- 
cationa  were  atmllarly  preeentel  by  profeaaor  N.  H.  Winchell,  under  the  folowing  titlea:  **The 
Slate  Conglomerate  of  theorfglnal  Haronian  the  Parallel  of  the  Oglahke  Cd&glomerate  of  Minneaota/' 
And  "The  AnimlKe  Black  Slata  and  Qnartzyte  and  the  Oglahke  Conglomerate  of  Mluneaota  the 
KqolTalentfof  the  original  Hnronian.** 
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^Canadian  pioneers  in  the  Huronian  field,  if  I  should  fail  to  acknowl- 
•«dge  erplicitly  the  general  accuracy  of  their  reports,  as  far  as  my  own 
observations  have  gone/  When  we  consider  the  great  intricacy  of 
the  geology,  and  the  extreme  difiSculty  of  travel  through  the  region 
when  settlement  was  in  its  infancy,  the  great  amount  accomplished 
with  such  accuracy  of  detail,  may  well  command  our  admiration. 

I  wish  to  rettord  an  observation  supplementarily,  respecting  the  sur- 
face geology  of  the  district  about  Thessalon.  The  region  generally  is 
•covered  by  an  alluvial  deposit.  This  has  given  the  usual  argillaceous 
soil  and  subsoil,  accompanied  by  much  standing  water.  But  at  the 
«ame  time,  this  soil  when  well  cleared  and  drained,  makes  very  fine 
farms,  and  is  already  much  improved.  Crops  of  timothy  grass  and 
clover  are  especially  rank.  I  saw  also,  good  spring  wheat,  oats  and 
peas.   Still,  so  far  as  I  observed,  proper  drainage  is  generally  neglected. 

Over  the  i^lluvial  clay,  I  observed  extensive  regions  occupied  by  fine 
sand,  and  here  is  a  truly  warm  and  productive  soil.  I  saw  Indian  corn 
growing  in  some  gardens;  and  it  was  nearly  as  rank  as  that  in  south- 
•ern  Michigan. ,  But  I  saw  none  in  the  fields;  and  I  presume  the  au- 
tumnal frosts  are  too  early  for  field  corn. 

I  observed  numerous  ancient  beaches  at  elevations  within  100  feet  of 
the  present  lake  level.  Indeed  I  should  suppose  an  ancient  beach  would 
surround  each  of  the  rocky  knobs  which  must  have  projected  as 
islands  from  the  former  lake — as  many  still  project  above  the  actual 
surface  of  the  North  Channel.  I  crossed  one  old  beach  which  had 
low  land  on  both  sides,  and  must  have  been  a  point,  perhaps  sub- 
merged, at  the  time^of  the  former  extension  of  the  lake — ^just  as 
Thessalon  point  at  present,  projects  miles  into  the  modern  lake.  That 
Thessalon  point  is  an  ancient  beach  or  reef  I  have  ascertained — but 
still,  there  may  bo  a  foundation  of  erupted  rock. 

§  3.— OBSERYATIOKS  IK  OTHER   REGIONS  OUTSIDE  OF  MINNESOTA. 

1. — The  Marquette  Iron  Region,  The  geological  position  of  the  iron 
ores  of  this  region  has  been  generally,  though  not  universally,  re. 
ij;arded  as  within  the  Huronian  system.  The  observation  of  the  true 
^character  of  the  typical  Huronian  rocks  of  Canada  rendered  it  neces- 
sary to  ascertain  how  far  the  iron-bearing  rocks  of  Marquette  agree 
with  them,  and,  in  case  of  difference,  to  determine  whether  any  por- 
tion so  agrees,  and  in  what  respect  the  other  portions  disagree.  It 
was  also  necessary  to  determine  whether  the  iron-bearing  rocks  of  the 
Marquette  range  can  be  identified  with  those  of  the  Vermilion  range. 
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a  lithological  assemblage  which  was  supposed  to  stretch  to  the  north- 
eastern  limit  of  Minnesota. 

My  studies  in  this  region  were  directed  only  to  certain  points,  and 
with  reference  to  information  desired  on  particular  questions.  The 
research  began  at  Ishpeming,  and  a  few  memoranda  of  facts  are  here 
recorded. 

I  am  much  indebted  to  Mr.  Hall,  the  superintendent  of  the  Lalce 
Superior  mining  properties,  for  the  use  of  means  of  conveyance,  and  for 
his  company  and  many  details  of  information.  In  the  office  I  was- 
shown  a  very  extensive  series  of  drawings  of  the  mining  property, 
including  numerous  vertical  sections  across  the  iron-bearing  lodes^ 
and  along  their  axis.  Mr.  Sturtevant,  the  engineer,  had  the  goodness 
to  prepare  for  me  two  sections  across  the  soft  haematite  deposit,  and 
one  along  its  axis.    These  are  preseuted  below  on  a  reduced  scale. 

The  accompanying  diagrams  show  that  the  great  iron-bearing  lodes 
of  the  Marquette  region  do  not  occur  in  isolated  lenticular  forms,  as  has 
been  sometimes  supposed;  but  are  really  interstratiiied  in  the  forma- 
tion, as  at  Tower.  Here  however,  all  the  stratification  is  much  dis- 
turbed and  wrinkled.  Besides  what  these  diagrams  illustrate,  Mr. 
Hall  pointed  out  on  the  ground,  the  evidences  that  the  deposit  in  trans- 
veirse  section  was  originally  bent  into  the  form  of  an  S,  giving  thus  at 
differents  points  in  its  breadth  synclinal  and  anticlinal  attitudes. 

Mr.  Hall  showed  me,  also,  nlany  samples  of  the  gold  taken  from  the 
Ropes  gold  mine,  and  other  samples  of  gold-bearing  quartz  from  a 
new  find  recently  made  on  the  property  of  the  Lake  Superior  Com- 
pany. These  localities  are  both  within  three  of  four  miles  of  Ishpem- 
ing,  on  the  north. 

In  an  old  opening  of  the  Lake  Superior  Company,  Sec.  19,  T.  47-27 
(rocks  453,  454),  the  deposit  of  iron  is  seen  to  run  east  and  west,  vriih 
a  dip  N.  68^  The  hanging  wall  is  a  quartzose  conglomerate.  This,, 
however,  sometimes  continues  through  the  iron  deposit  in  modified 
character. 

Twenty  rods  north  of  this  place,  immediately  east  of  the  Saginaw 
mine,  is  a  boss  of  a  curious  conglomerate  (455),  consisting  largely  of 
iron — a  sort  of  imperfectly  bedded  groundmass  of  a  haematitic  char-7 
acter — in  which  are  imbedded  rounded  and  partly  angular  pebbles  and 
fragments  of  red  jasper,  white  quartz,  fiint,  glassy  quartz,  and  less 
important  fragments.  This  has  bf*en  bored  into,  and,  according  to 
Mr.  Hall's  recollection,  it  is  at  least  400  feet  thick.  Here  the  Lake 
Superior  Company  did  a  good  amount  of  mining;   and  the  Saginaw 
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Company  did  much  on  the  westward  continuation  of  the  deposit. 
But  all  work  is  now  abandoned. 

About  one  and  a  half  miles  west  of  Ishpeming  is  an  outcrop  of  a 
dark,  argillitic,  sericitic  slate  (456).  It  dips  N.  10°  E.  at  an  angle 
of  70°.  Conformable  with  this  is  a  bed  of  gray,  rusty-speckled, 
granular  quartzyte  (457)  underlying  the  other. 
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From -information  gathered  at  Ishpeming  from  Mr.  Taft,  the  cheraisfc 
of  the  Cleveland  Iron  Mining  Company,  from  Mr.  J.  R.  Wood,  and 
others,  it  appears  that  a  synclinal  exists  in  this  vicinity^  with  a 
southern  outcrop,  on  which  the  town  is  located,  and  another  three  or 
four  miles  to  the  north.  The  downward  succession  of  the  bed3  in 
this  synclinal  is  as  follows:  1.  Red  slate;  2.  Black  slate  and  mixed 
ore;  3.  Ore;  5.  Talcose  rock,  so-called;  6.  Dioryte  The  red  slates 
are  banded  haematite  and  jasper — pretty  hard.  The  black  slates  are 
magnetic  jasper,  and  the  mixed  ore  is  similar  to  the  red  slate  bed,  but 
contains  more  ore.  The  talc  is  essentially  argillitic.  This  is  also 
true  of  the  **  chlorite  rock,"  so-called — a  rock  also  styled  by  some^ 
"talc,'*  and  by  the  miners,  '^soap  rock.'* 

One  and  a  half  miles  north  of  Ishpeming,  on  the  Deer  lake  road,  is 
an  outcrop  of  quartzyte,  having  a  dip  quite  steep — about  70°.  It 
contains  beds  of  quartz  pebbles. 

About  two  and  a  half  miles  from  Ishpeming,  on  the  road  to  Deer 
lake,  and  one-third  of  a  mile  south  of  the  saw-mill  at  Deer  lake,  is  a 
high  knob  on  the  right  of  the  road.  It  consists  of  nearly  vertical 
slates  (468),  which  would  formerly  have  been  called  talcose.  In  some 
portions,  however,  are  developed  multitudes  of  feldspar  crystals.  It 
is,  therefore,  in  the  condition  which  I  have  styled  **  porphyrel "  (459;. 

Climbins:  to  the  top  of  the  hill,  we  find  an  obscure  conglomeritic 
structure,  like  that  at  Stuntz's  island,  in  Vermilion  lake.  The  re- 
semblance is  confirmed  by  the  presence  of  isolated  portions  looking 
serpentinous  or  talcose^  and  by  the  existence  of  many  obscure,  inter- 
secting quartzose  veins.  The  obscurely  outlined  pebbles,  it  should 
be  recorded,  are  essentially  identical  with  the  country  rock,  as  at 
Stuntz's  island. 

All  this  confirms  the  parallelism  of  the  Marquette  and  Vermilion 
iron-bearing  groups,  and  the  non-Huronian  character  of  both. 

In  the  hi&:hway  by  the  bridge  at  Deer  lake,  and  about  in  the  strike 
of  the  ridge  last  mentioned,  is  an  outcrop  of  rock  (460,  461),  which 
to  me  appears  sedimentary;  but  assuredly  it  is  much  altered,  and  pre- 
sents a  quasi-eruptive  aspect.  It  is  admittedly  the  equivalent  of  the 
Stuntz  island  rock;  and  they  who  regard  that  as  eruptive  will  pro- 
nounce this  eruptive  also.  The  rock  here  contains  foreign  pebbles; 
and  I  regard  that  as  conclusive  evidence  of  a  fragmental  origin. 
The  schistosity,  also,  is  completely  conformable  with  that  of  the 
neighboring  sericitic  slate. 

On  the  west  side  of  the  bridge  at  Deer  lake  the  rock  (462)  is  highly 
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and  distinctly  conglomeritic;  but  having  a  slaty  structure,  with  beds 
standing  vertical.  It  might  by  some  be  regarded  as  having  a  basaltic 
«trncture.  In  places  it  passes  to  a  still  more  eruptive-looking  rock. 
The  resemblance  to  Stuntz  island  is  maintained.  Still,  I  think  the 
formation  was  sedimentary  originally,  and  that  it  retains  distinct 
traces  of  its  original  condition. 

The  conglomeritic  aspect  comes  out  chiefly  on  the  weathered  sur- 
faces. Some  of  the  fragments  are  angular,  some  rounded,  and  many 
elongated  in  the  direction  of  the  structure,  i.  e.  vertically. 

Twenty  rods  south  of  the  last  point,  along  the  railroad  west  side  of 
Deer  lake,  occurs  a  quartzyte  (463)  dark  gray  and  red  in  bands.  This 
dips  S.  25°  E.  at  an  angle  of  55°.  The  rock  is  rather  vitreous.  The 
lower  part  of  it  is  darkened  by  the  presence  of  haematitic  material 
apparently,  and  contains  thin  bands  of  haematite.  The  higher  part 
becomes  almost  uniform  in  color,  of  pinkish  gray.  Still  higher  it  is 
whitish.  The  quartzyte  and  the  slate  are  nt>t  seen  in  juxtaposition. 
An  interval  of  four  rods  separates  their  nearest  outcrops.  The  verti- 
cal structure  of  the  slate,  however,  is  strikingly  unconformable  with 
the  dip  of  the  quartzyte;  and  favors,  perhaps  the  theory  of  the  erup- 
tive or^in  of  the  slate. 

At  a  point  about  two  and  a  half  miles  east  of  the  Ropes  gold  mine, 
(1069),  near  the  charcoal  pits,  we  observed  a  large  pile  of  rock-frag- 
tnents  said  to  have  been  brought  from  the  gold  mine  to  use  as  a  flux. 
'The  fragments  indeed  contain  a  large  percentage  of  calcium  carbon* 
ate;  but  there  is  present  also  so  large  a  quantity  of  talc  that  the 
material  is  said  to  have  proved  unservicable.  Yet  we  obtained  fine 
specimens  of  amorphous  (464)  and  crystalline  (465)  talc.  Noticing  that 
the  rock  on  weathering  acquires  a  deep  stain  of  iron  rust,  we  judged 
that  it  probably  has  the  composition  of  ankerite. 

At  the  Ropes  Gold  mine,  it  was  observed  that  the  gold-bearing 
<iuartz  vein  occurs  in  a  rock  appearing  like  a  chlorite  slate  (466) — 
though  probably  a  compact  argillyte — appearing  to  be  the  same  forma- 
tion as  that  seen  at  the  knob  east  of  Deer  lake,  and  on  both  sides  of 
the  bridge  at  the  lake.  The  shaft  at  this  mine  was  stated  to  be  about 
360  feet  deep  with  seven  levels.  In  the  mill  twenty  stamps  are  in 
operation. 

On  the  return  to  Ishpemiug,  we  examined  a  spot  on  the  opposite  side 
of  the  road  from  the  knob  before  mentioned,  458.  Here  is  a  formation 
consisting  of  thin-bedded  quartz  with  laminated,  sericitic  schist  (468) 
more  or  less  siliceous,  intervening.  Dip  S.  15°  E.  amounting  to  64°. 
The  formation  occupies  the  interval  noticed  on  the  opposite  side  of  the 
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lake,  between  the  nearest  outcrops  of  the  quartzyte  and  slate.  The 
gap  is  evidently  due  to  the  easier  disintegration  of  the  thin-laminated 
rock. 

In  company  with  Mr.  Taft,  chemist,  we  visited  the  Cleveland  mine, 
and  made  a  careful  examination  of  the  'Mump."  At  our  request  Mr. 
Taft  took  a  sample  of  the  green  argiilyte,  Rock  469a,  and  a  sample  of 
the  ashen  argillyte,  470a,  to  subject  to  careful  analysis.  The  result, 
as  subsequently  communicated  to  me,  and  which  will  probably  be 
elsewhere  published  in  full,  establishes  what  was  before  stated,  that 
the  rock  variously  known  as  talcose  slate,  chlorite  slate,  or  soap  rock 
is  essentially  an  argillyte.* 

At  this  mine  were  found  martite  crystals  (471) ;  and  Mr.  Taft  showed 
a  specimen  of  an  iron  breccia,  very  similar  to  the  conglomerate  seen 
at  the  Saginaw  mine,  455.  This,  he  says,  is  terminated  abruptly  by 
the  overlying  quartzyte. 

At  the  Michigamme  mine,  we  found  the  rock  immediately  over  the 
ore  to  be  a  quartzose  chlorite  schist  (472).  Above  this  is  a  thin-bedded 
quartzyte,  similar  to  that  seen  under  the  quartzyte  east  side  of  Deer 
lake. 

The  first  knob  north  of  Michigamme  mine  is  formed  of  diory  te,  so- 
called  (478).  The  higher  knob,  farther  north  is  formed  of  '*  granite  " 
(474).  Immediately  in  contact  with  this  is  a  greenish  quartzyte, 
which  passes  by  transition  into  the  granite.  Professor  Irving,  who 
accompanied  us,  represented  this  as  the  usual  character  of  the  contact. 
It  might  also  signify  that  tlie  **  granite  "  was  originally  a  sedimentary 
rock,  but  containing  more  feldspar-making  elements  than  the  quartz- 
yte, metamorphism  changed  it  to  a  rock  of  the  granite  series,  but 
could  not  make  anything  but  a  quartzyte  of  the  overlying  beds. 

*  The  tample*  bear  the  nnmben  of  the  seriee  of  N.  H.  Wfnchell.  The  analyses  done  hj  Mr.  Taft 
were  omitted  accldenlHlly  in  the  proper  place,  and  are  appended  here. 

No.  1936.  No.  1S86 

(46«<i)  (470a) 

SI  02 27.18  88.36 

FeO 2160  2.38 

Fe8  03 9.80  11.30 

AlfOI..* 24.28  3664 

Ca  O trace  .86 

XgO 4.21  13.21 

HtO 7.10  2.89 

Total 93.97  96.08 

Mr.  Taft  remarks:  'They  are  both  short  aboat  five  per  cent  and  I  fall  to  account  for  it,  except  that 
tbey  may  contain  soda  and  potassa.  I  have  not  means  for  determining  these  elements  properly,  and 
have  used  all  of  one  of  my  samples.*'  [N.  H.  W^] 

28 
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I  proceeded  to  the  summit  of  this  range  and  worked  eastward  in 
search  of  a  gneissic  structure  in  the  granite,  but  the  surface  was  gen* 
erally  concealed.  Descending  at  the  distance  of  about  twelve  rods,  I 
found  the  quartzyte  (475)  again  in  contact  with  the  granite;  but  the 
contact  here  is  abrupt.  I  found  the  granite  intersected  by  a  diabase 
dike  (476). 

A  short  distance  southeast  of  here  is  a  small,  sharp,  high  cliff  of 
quartzyte,  thin-bedded  and  with  inttrlaminations  of  sericitic  sheets 
(477).  These  contain  multitudes  of  garnet-like  minerals.  A  short 
distance  south  of  this  is  a  ledge,  unquestionably  in  place,  dipping 
southward  66°.    The  dip  in  the  sharp  knob  is  63*'  toward  N.  28°  W. 

At  the  east  end  of  the  marsh  is  a  precipitous  exposure  of  dark  gray, 
distinctly  bedded  quartzyte  (478),  with  a  diabase  dike  through  it. 
The  dii)  is  various  in  direction  and  amount.  The  great  mass,  how- 
ever, is  nearly  horizontal,  or  slightly  eastward-dipping. 

In  visiting  the  Swan  mine,  east  of  Negaunee,  I  observed  on  the 
dump  heap  interlaminated  fine  sandstone  and  haematite  (479),  and,  in 
contiguity,  chalcedonic  silica  and  hsematite  (480);  and  finally,  jasper- 
oid  laminae  (481)  and  haematitic.  *  All  these  were  necessarily  formed 
in  continuity  by  the  same  kind  of  action  in  the  same  spot.  But  it  is 
incredible  that  all  these  should  be  the  product  of  eruptive  action. 

At  the  lower  shaft  of  the  Buffalo  mine  I  saw  the  same  material 
taken  out  as  at  the  Swan  mine.  As  these  materials  are  above  the  ore, 
it  would  follow  that  ore  probably  underlies  them  at  the  Swan  mine. 
The  ore  is  soft  and  earthy.  The  open*ezcavation  near  the  upper 
shaft  shows  the  ore  and  country  rock  in  great  confusion;  but,  in 
general,  with  a  northerly  and  steep  dip. 

One-fourth  mile  north  of  the  Buffalo  mine,  on  the  railroad,  is  an 
outcrop  of  quartzose  schist  and  slate.  The  so-called  quartzyte  (482) 
is  not  quartzyte.    It  is  greenish  chloritic  and  quartzose. 

Across  the  railroad  is  a  black  argillyte  (484),  thin-laminated,  dip- 
ping northerly,  but  at  a  much  lower  angle  than  the  ''quartzyte,*' 
so-called.  It  is  unconformable  with  the  quartzyte.  The  slate  (483), 
interbedded  with  the '^quartzyte/' is  decidedly  another  formation* 
unlike  the  argillyte  of  black  color. 

It  is  worthy  of  particular  remark  that  this  black  slate  resembles  the 
Animike  black  slate;  and  its  unconformability  with  an  underlying 
formation  is  also  very  suggestive.  The  dip  of  the  black  slate  is  40'^ 
toward  N.  51°  W.     The  greenish  slate,  or  the  so-called  **quartsyte,'* 
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on  the  opposite  side  of  the  railway,  dips  47°  toward  S.  63°  W;    at 
another  place,  S.  82°  W. 

Xear  b;  I  find  a  contact  between  the  slate  and  the  sandstone 
(quartzyte)  like  the  foUowing: 


Fig.  15.     Contact  of  slate  and  quartzon  aandetone,  one-fourth  mile 
north  pf  Buffalo  mint,  ttror  Negaunee. 

This  slate  is  further  mixed  with  the  sandstone  by  imbedding  of 
flakes. 

The  unconformability  of  the  two  slates  is  further  illustrated  and 
establbhed  fay  observations  on  the  neighboring  hill-slope  a  little 
further  northwest.  The  argillitic  slate  (485)  is  here  largely  dcTeloped. 
It  poBseases  a  Tertical  slaty  structure;  but  it  has  an  unmistakable 
sedimentary  dip  everywhere  toward  N.  51°  W.,  conformably  with  that 
of  4k4.  This,  therefore,  is  a  higher  stratigraphical  position  than  that 
of  484;  but.it  is  unmistakably  the  same  formation.     Is  it  Animike? 

The  opening  of  the  Iron  Cliffs  Company  is  adjacent  to  the  "Sam. 
Mitchell  mine."  The  work  here  is  arrested  by  an  anomalous  disposi- 
tion of  formations.  The  ore  deposit  is  cut  off  by  a  qnartzyte.  This 
qnartzyte  is  south-dipping,  and  a  shaft  was  carried  down  along  the 
south  side  of  it,  when  it  was  intercepted  by  a  north-dipping  quarzyte 
(486).  The  two  quarzytea  seemed  now  to  fold  together  and  incloi'e  n 
selvage  of  green  rock.  Along  this  selvage  the  shaft  is  continupd 
almost  vertically.  The  quartzytes  are  both  greenish,  and  do  not 
differ  except  that  a  few  ferruginous  patches  occur  in  the  southward 
dipping  one.  This  is  not  the  place  to  offer  any  reasoning  as  to  the 
probability  of  recovering  the  ore  deposit.  Still,  it  may  be  said  that 
the  bedding  of  the  formation  in  general  is  northward,  and  the  south- 
ward-dipping quartzyte  should  be  of  the  nature  of  a  vein  with  the 
ore  body  under  it,  more  or  less  displaced.  This  view  ia  favored  by 
what  is  seen  in  the  brush  one-eighth  of  a  mile  north  of  the  mine,  to 
which  superintendent  Sodergren  accompanied  me.     Here  ia  an  out* 
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•'Crop  of  quartzyte  (487),  dark  gray  bat  granular  siliceous,  thought  by 
.him  to  be  the  southward-dipping  quartzyte.  A  few  rods  farther 
north,  also,  are  some  test-pits  and  one  shaft  planked  up.  From 
the  bottom  of  the  latter  was  thrown  out  a  quantity  oF  quartzyte 
'fragments  of  dark  gray  color,  resembling  the  southward-dipping 
quartzyte,  but,  still,  not  of  grains  so  uniform  in  size  and  constitution. 
In  a  cliff  west  of  these  localities  is  a  large  outcrop  of  quartzyte, 
>80-called,  dipping  north;  but  this  is  a  different  quartzyte. 

It  looks  on  the  whole,  therefore,  as  if  the  prevailing  dip  of  the 
formation  hereabouts  were  northward,  and  the  southward-dipping 
•quartz  a  mere  vein,  of  probably  no  great  thickness;  and  the  ore  ought 
to  be  under  it. 

Some  observations  were  made  in  the  district  north  of  Negaunee 
.and  Teal  lake.  North  of  the  east  end  of  Teal  lake  is  a  massive  range 
of  quartzyte  (488).  It  is  gray,  granular,  vitreous,  blotched  with  red, 
thick-bedded,  with  various  joints,  and  an  appearance  of  sedimentary 
structure  dipping  south  at  an  angle  of  65^.  This  quartzyte,  in  its 
physical  characters,  is  unlike  that  (487)  in  the  ridge  visited  with 
Supt.  Sodergren.  It  is  much  more  coiApact  and  vitreous;  that  is 
'granular,  with  intergranular  cement;  still,  the  grains  of  this  are  dis- 
tinctly defined,  though  glassy.  The  formation  has  some  thin  seams 
<of  black  crystalline  haematite. 

At  the  west  limit  of  this  quartzyte  knob  we  find  a  deposit  of 
sericitic  schist,  argillitic  and  ferruginous.  Its  relation  to  the  quartz- 
yte is  ambiguous.  It  looks  like  a  vein  or  dike,  but  is  exceedingly 
schistose,  and  its  schistosity  is  not  conformable  with  the  bedding 
of  the  quartzyte.  The  knob  next  west  of  this  is  all  of  the  same 
•quartzyte.  The  range  seems  to  be  a  continuation  of  that  north  of 
Ishpeming. 

On  the  northern  border  of  the  city  of  Negaunee,  and  not  far  re- 
moved from  the  south  side  of  Teal  lake,  is  a  high  dioryte  knob  or 
ridge.  On  the  north  side  of  this  is  the  Eldridge  mine.  The  ore  body 
is  not  reached.  The  surface  rock  was  ''soap  rock;"  and  this  was 
continuing  at  the  depth  of  153  feet.  The  dip  is  southward  about  60^. 
For  a  hundred  feet  a  good  deal  of  iron  had  been  mixed  with  the 
''soap." 

At  the  Hartford  Mining  Co.  's  mine,  also  on  the  south  of  Teal  lake, 
and  half  a  mile  north  of  the  Eldridge,  a  shaft  was  sqnk  sixty  feet  deep. 
There  they  struck  ore  and  are  now  drifting  east  and  west — the  ore 
having  a  southerly  dip.  The  overlying  rock  was  bonded,  siliceous 
haematitic  schist.    The  ore  is  ft  soft  rich  hapm^tite, 
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At  the  Cambria  mine  south  of  the  wesrt  end  of  Teal  lake,  we  .ascer- 
tain that  the  general  dip  of  all  the  rock  in  this  neighborhood  is  steeply 
south waid.  There  is  a  large  main  deposit  of  ore,  on  which  are  locatedr 
the  Hartford,  Cambria,  Lib*,  and  another  mine.  The  Hartford  and 
Lily  are  still  working,  but  the  Cambria  has  ceased  to  be  productive. 
The  working  ended  with  jasper  on  all  sides.  They  have  drilled  into 
the  jasper  in  various  directions.  North,  they  come  into  banded,  silic- 
eoas  haematite,  similar  to  the  overlying  rocks.  On  the  south  they 
claim  to  have  found  ore. 

Since  the  loss  of  the  main  deposit  the  management  have  sunk  a  new 
shaft  350  feet,  and  have  drifted  in  various  directioiks  at  the  2d,  3d,  4th< 
and  5th  levels,  and  found  thin,  irregular  beds  of  ore,  one  of  which, 
trends  northwest,  but  is  only  one  or  two  feet  thiek.  On  the  sixth  level' 
they  found  no  ore. 

The  general  conclusion  geologically  is,  that  tke  stratification  is  ex- 
tremely irregular,  and  ore  deposits  not  to  be  long  depended  on. 

A  few  studies  were  made  at  Marquette.  At  the  end  of  Bluff  street,, 
on  the  peninsula  by  the  saw-raill,  is  an  outcrop  of  sericitic  schist  (489> 
with  vertical  schistosity,  and  crumbling  to  chips.  It  is  drab,  pervaded' 
by  dashes  of  a  dull  pink  color.  The  bedding  is  wavy,  inclosing  lenti- 
cules  of  quartz  (490).  The  sedimentary  beddiiig  planeb  are  visible,, 
dipping  N.  8°  E.  at  an  angle  of  about  15^ 

Twenty  rods  farther  northeast,  are  rounded  glaciated  bosses  (491)* 
of  an  ambiguous  character,  but  reminding  one  of  rocks  at  Thessalon;. 
yet  nowhere  plainly  diabasic.  Over  the  surface  are  seen  streams  look- 
ing like  fluid  currents,  with  many  oblong  and  lenticular  pieces  of  the 
country  rock — such  as  occur  at  Thessalon,  and  many  localities  in  the* 
Vermilion  region.  At  the  same  time,  there  are  places  which  reveal 
a  structure  dipping  northward,  and  looking  sedimentary.  The  rock. 
varies  much  within  short  distances,  in  texture,  hardness  and  compo- 
sition. 

Near  the  light  house,  but  not  at  the  point,  rises  a  roundeck  smooth* 
boss  (492),  as  before,  but  with  very  distinct  banding  on  the  surface, 
which  dips  N.  1^  E.  at  an  angle  of  71^  Careful  examination  with< 
a  lens  reveals  no  free  quartz,  but  the  rock  is  rather  hard,  and  rings- 
under  the  hammer.  Silica  is  probably  present;  though  scratched  on 
the  fresh  or  weathered  surface,  there  is  no  indication  of  a  free  quartz*- 
ose  constituent.  It  has  scarcely  the  hardness  of  feldspar  on  the  fresh 
surface;  and  the  whole  rock,  as  far  as  I  can  make  out  in  the  field,  i» 
a  felsitic  schist,  though  the  feldspathic  ingredient  does  not  appear  to» 
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be  orthoclase.    This  is  the  best  eonclasion  I  can  reach  from  the  data 
supplied  at  this  spot. 

This  formation  strikes  a  few  rods  to  the  north  of  the  last  two 
localities.  The  same  sort  of  rock  continues  toward  the  light  house; 
but  the  exposure  there  is  further  north,  and  stratigraphically  above. 
A  dike  of  diabase  is  seen  cutting  it. 

At  the  Light  House  point,  Marquette,  the  formation  presents  a 
banded  structure,  and  a  striking  appearance  of  steeply  dipping  sedi- 
mentary rock.  Here  also,  is  the  felsitic  rock  weathering  red,  and  in 
places  becoming  a  porphyry  (493).  The  band^^d  schist  weathers  dark, 
and  on  fracture,  is  dark.  It  appears  to  be  an  intimate  mixture  of 
feldspar  and  hornblende;  containing  many  glistening  points.  Thin 
scales  have  a  dark  greenish  translucency;  and  the  weathered  surface 
has  a  fibrous,  sericitic  aspect  (494). 

This  formation  is  intersected  by  dikes  nearly  parallel  with  the  bed- 
ding, and  by  another  great  dike  making  an  angle  of  GO""  with  the  first 
set.  Further  research  reveals  the  fact  that  the  felsitic  and  porphyritic 
mass  is  in  the  nature  of  a  broad  dike  nearly  conformable  with  the  dark- 
banded  schist;  but  really  bounded  on  both  sides  by  a  slightly  discern- 
ible unconformity.  The  porphyry  and  schist  are  intersected  by  small 
diabase  dikes  parallel  with  the  schistic  bedding;  and  that  gives  the 
appearance  of  bedding  to  the  porphyry.  Then,  also,  the  whole  forma- 
tion is  cut  by  two  great  dikes  running  nearly  north  and  south. 

In  one  place,  I  saw  a  banding  transverse  to  that  of  the  schists;  and 
that  awoke  the  suspicion  that  the  main  banding  may  have  beeQ  caused 
in  a  similar  way.  But  after  careful  study  I  concluded  that  the  trans- 
verse banding  is  in  the  nature  of  veins  Sometimes,  in  the  porphyry, 
— which  in  many  places  is  simply  felsytic — the  transverse  veins  give 
the  appearance  of  a  woven  fabric.  ^ 

Proceeding  toward  the  extremity  of  Light  House  point,  I  find  a 
similar  schist  continuing;  but  opposite  the  Light  House,  it  is  crossed 
by  an  enormous  dike  of  greenstone,  at  least  a  hundred  feet  wide,  and 
divided  longitudinally  by  joints  about  fifteen  feet  apart;  and  these 
being  unequally  eroded,  leave  great  gaps,  as  if  each  section  were  itself 
a  dike. 

Some  portions  of  the  schist  become  exceedingly  hard  and  diabasic, 
and  I  find  again  the  cross  banding  noticed  above. 

On  the  north  side  of  the  point  is  another  great  dike,  about  thirty 
feet  wide,  belon&ring  to  still  another  system;  for  it  trends  exactly  east 
Hnd  west,  and  dips  north  at  an  angle  of  77°.     It  is  granular  and  glist* 
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^ning,  but  there  is  no  free  qaartz.  The  powder  is  bluish-white,  and 
the  glistening  seems  to  be  due  to  faces  of  labradorite.  I  made  a 
search  to  find  the  intersection  of  this  dike  with  the  great  north-south 
•dike  immediately  east  of  the  light  bouse.  This  dike  continue^  beyond 
the  place  of  intersection,  and  runs  north  of  the  light  house;  but  at 
the  place  where  the  intersection  should  be,  neither  dike  is  certainly 
identifiable.  I  judge,  however,  that  the  east-west  dike  cuts  the  other. 
If  so,  the  east- west  dike  is  next  to  the  last  geological  phenomenon  in 
the  history  recorded  in  the  structure  of  the  rocks  forming  this  point. 
The  granulitic  veins  which  I  have  found  intersecting  all  the  other  dike 
structures,  undoubtedly  intersect  this  also.  We  should  have  there- 
fore, the  successive  epochs  of  the  geological  history  of  the  point 
marked  ofiP  as  indicated  in  the  following  diagram : 


Fig.  16.     Diagram  illustrating  geological  epochs  evidenced  at   Light 

House  point,  Marquette^  Michigan. 


1.  Epoch  of  the  fundamental  dark  schist. 

2.  Epoch  of  the  porphyry. 

3.  Epoch  of  the  little  dikes,  nearly  conformable  with  the  schist, 
but  not  entirely  so. 

4.  Epoch  of  the  great  north-south  dikes. 

5.  Epoch  of  the  great  east-west  dikes. 

6.  Epoch  of  the  granulitic  veins,  which  cut  the  great  dikes. 

This  is  a  new  and  instructive  example  to  illustrate  well  known 
principles  in  structural  geology. 
The  few  statements  made  in  reference  to  the  mode  of  occurrence 
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and  the  associations  of  ore  deposits  in  the  Marquette  district,  will,  it 
is  hoped,  possess  some  interest  for  citizens  of  Minnesota  connected 
with  the  iron  developments  of  the  "Vermilion  Range-*'  The  facts 
noted  of  a  purely  geological  character  reflect  important  light  on  the 
geological  parallelism  of  the  Marquette  and  Yermiliou  ranges;  and 
indirectly,  on  the  economic  questions  concerned  in  Minnesota  mining. 
It  is  only  the  geologic  outcome  of  the  comparison,  however,  with 
which,  in  this  place,  we  are  concerned;  and  it  may  be  stated  as  I  un- 
derstand it,  in  the  following  propositions: 

(I.)    The  Marquette  iron-bearing  rocks  are  of  the  same  age  as  those  of 
the  Vermilion  Range.    Their  geological  position  is  immediately  above  . 

the  crystaline  schists  and  gneisses;  and  there  are  indications,  as  will 
be  shown,  of  a  position,  as  in  Minnesota,  beneath  other  slates,  in  un- 
conformable  relations.  The  fundamental  sediments  generally,  are  but 
little  crystalline,  but  are  highly  altered,  often  almost  to  the  point  of 
fusion,  and  sometimes,  to  the  point  of  true  crystallization.  They  con- 
sist largely  of  argillytes,  ranging  in  nature,  from  proper  to  chloritic, 
sericitic,  hydromicaceous,  siliceous  and  hsematitic;  and,  in  condition, 
from  earthy  to  graywackenitic,  felsitic,  porphyritic  and  diabasic.  The 
ore  bodies  are  true  bedded  constituents  of  the  system,  subject  to  all 
the  usual  accidents  of  stratification;  the  most  important  of  which  are 
liability  to  expand  and  contract  and  even  to  pinch  out,  in  the  direc- 
tion of  the  axifl  of  the  Jithologic  folds.  The  occurence  of  an  obscure 
conglomeritic  structure  in  both  regions,  is  a  point  of  resemblanee 
which  is  almost  demonstrative.  The  inclusion  of  masses  of  serpen* 
tinous  or  parophitic  character,  has  the  same  significance  A  g  eat 
abundance  of  red  jaspilyte  and  jaspilitic  iron  schists  is  a  common 
feature  of  the  Marquette  and  Vermilion  districts.  In  both,  the  jas|>er 
and  jaspilitic  ore  are  disposed  in  layers  conformable  with  the  bedding  f 

of  the  haematite  and  of  the  inclosing  schists;   and  in  both,  similar  ' 

indications  exist  of  a  sedimentary  and  aqueous  history  The  obser- 
vations made  at  the  Swan  and  Buffalo  mines  may  be  here  again  re« 
ferred  to.  Of  clastic  rocks,  the  quartzytes  of  the  Marquette  region 
are  little  known  in  the  Vermilion  region.  Rocks  of  eruptive  origin 
are  common  in  both,  but  in  the  Marquette  region  occur  both  as  dikes 
and  intruded  beds— though  a  question  remains  as  to  the  real  origin  of 
the  dioryte  beds.  While  the  Vermilion  rocks  have  been  subjected  to 
one  grand  system  of  disturbance,  which  has  left  them  almost  univer- 
sally in  a  vertical  attitude,  the  Marquette  rocks  have  been  thrown  into 
several  folds,  within  each  of  which  the  constituent  strata  maybe  found 
in  all  attitudes. 
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(2.)  The  Marquette  iron-hearing  rocks  are  not  of  Huronian  age. 
While  the  opinion  is  not  new  that  they  antedate  the  Huronian,  it  has 
heen  generally  admitted  that  they  fall  within  that  system.  That  they 
4)re  older  than  Huronian  is  shown  by  a  four-fold  line  of  evidence. 
<a).  The  rocks  are  different.  In  the  original  Huronian,  the  argillytes 
are  almost  exclusively  black  and  carbonaceous  or  magnetitic,  instead 
of  bluish  or  ashen  and  hssmatitic.  They  are  more  prevalently  silice- 
ous or  flinty.  The  quartzytes  attain  a  more  enormous  development, 
are  much  purer,  especially  the  upper,  and  hold  position  entirely  above 
the  argillitic  member,  (fr.)  The  Canadian  Huronian  succeeds  im me- 
diately beneath  the  Palaeozoic  System  The  Marquette  strata  do  n6t. 
The  ^farquette  strata  are  succeeded  immediately  downward  by  crystal- 
line schists.  The  Huronian  strata  are  not.  (c.)  Some  evidences  ex- 
ist of  an  unconformable^  overlying,  sub-pnlceozoic  system  in  the  Marquette 
region.  I  refer  here,  both  to  the  unconformability  described  in  the 
foregoing  notes  in  the  vicinity  of  the  Buffalo  mine,  and  to  major 
Brooks'  brief  notices  of  highly  carbonaceous  black  slates  occup3'ing 
a  position  higher  than  the  Marquette  argillytes  (r/.)  Proof  is  to  be 
*^ddHced  in  this  report,  of  the  unconformable  subterposition  of  the  Ver- 
tnilion  iron  schiHa  relatively  to  the  Animike  slates.  If  the  Marquette 
and  Vermilion  rocks  are  mutual  equivalents,  the  former  must  hold 
position  beneath  the  same  system — that  is,  beneath  the  Huronian. 

(3  )  The  Marquette  iron  bearing  rocks  belong  to  a  system  not  yet  de- 
fined. If  they  underlie  the  Huronian,  they  equally  overlie  the  Lau- 
rentian.  They  are  not  separated  from  the  Laurentian  by  a  structural 
unconformability;  but  by  the  evidences  of  a  long  intervening  lapse 
of  time,  and  a  most  important  change  in  the  action  of  the  geologic 
forces.  Strata  fully  crystalline  and  strata  essentially  earthy,  though 
found  in  conformable  juxtaposition,  must  necessarily  belong  to  two 
different  ages  and  modes  of  geologic  activit}*.  This  subject  will  be 
more  fully  treated  in  the  final  generalization  from  my  studies  in  Min- 
nesota. 

2.  The  Gogebic  iron  belt.  I  shall  confine  selections  from  my  notes 
almost  wholly  to  facts  illustrating  the  geology  of  the  range,  and  sup- 
plying a  basis  for  comparisons  with  the  Vermilion  Range.  At  the 
'south  vein*'  of  the  Colby  mine  the  orQ  is  an  incoherent  earthy  mass 
which,  for  the  greater  part,  is  worked  out  with  pick  and  shovel.  It 
is,  however,  imperfectly  cemented  together  in  irregular  patches;  and 
some  blasting  is  required  to  remove  the  whole.  The  general  color,  be- 
fore weathering,  is  dark  brown.     This  deposit  is  about  eighty  feet 
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wide,  in  a  sheet  dipping  north  50°  to  70°,  with  an  average  of  about  60*". 
But  on  the  north  side  the  same  material  extends  at  this  p]ace,.to  a  greater 
distance.  The  limiting  wall  on  the  south  (foot  wall)  is  a  compact, 
hsematitic  slate.  Here  we  notice  through  a  part  of  the  excavation, 
the  continuance  of  the  earthy  mass;  but  beyond  this,  westward,  a 
broken  ferruginous  slate  succeeds  it;  and  at  the  western  end  of  the 
excavation,  it  approaches  the  opposite  wall,  and  all  the  ore  is  pinched 
out.  Forty  or  fifty  feet  of  the  rock  on  the  south  side  are  broken  and 
in  confusion;  yet  one  can  trace  bedding  courses  in^the  lower  twenty 
feet  of  this.     There  are  no  indications  whatever  of  eruptive  action. 

On  the  south  side  the  regularity  is  much  interrupted.  When  the-  # 
haematitic  slaty  wall  is  removed,  one  sees  behind  it  a  jumble  of  roek, 
masses  perfectly  promiscuous  in  position,  but  mostly  haematitic.  Still,, 
some  portions  are  greenish,  amorphous,  chloritie,  passing  down  io 
shapeless  masses,  bent  and  arched  in  a  promiscuous  way.  Some  are 
light  colored,  sandstone-like  masses,  simply  stained  with  iron.  The 
iron  which  pervades  all  these  conditions  of  rock  seems  to  be  simply 
forced  out  like  fat;  and  to  have  accumulated  where  the  aetion  wa» 
most  intense  or  where  the  condition  of  the  rock  moat  favored. 

South  of  the  Colby  mine,  in  the  cut  of  the  railroad  is  an  outerop 
of  siliceous  argillytes  (500),  reddish  and  drab,  with  dip  N.  10°  W.,  and 
amount  65°.  These  are  interbedded  with  quart zyte  schist.  The  thick- 
ness exposed  is  250  feet. 

By  the  railroad  near  Bessemer*  coming  from  the  Valley  mine,  is  an 
outcrop  of  conglomerate,  with  slight  dip  north.  It  is  a  small  expos* 
ure,  but  in  place,  composed  mostly  of  pebbles  of  dark  red  sandstone, 
haematite,  granulyte  and  diabase.  It  appears  like  a  conglomerate  at 
the  base  of  the  Kewenian. 

At  the  East  Norrie  mine,  southeast  of  Ironwood,  the,  open  excava- 
tion shows  simply  a  confused  mass  to  the  depth  of  a  hundred  feet. 
Soft  ore  is  raised  from  underground  workings. 

At  the  Aurora  mine  the  open  work  shows  a  general  dip  north  at  the 
usual  steep  angle.  On  the  south  side  is  a  quartzyte  which,  in  decayed 
situations,  resembles  the  sandrock  in  the  Colby  mine.  Much  excellent 
soft  ore  is  coming  out  of  the  ground  here. 

By  means  of  observations  at  the  Aurora  mine  and  thence  to  the  hill 
one  fourth  mile  south,  we  were  able  to  determine  the  following  se- 
quence, in  descending  order: 

Broken  and  mixed  ore. 

Main  deposit  of  ore  dipping  north  at  an  angle  of  about  65°. 
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Quartzjte  formiof;  the  foot  wall  in  the  Colby  and  Aurom  mines. 

Siliceous  argillyte  soath  of  Colby  mine — seen  S50  feet.  This  |>er- 
haps  occupies  part  of  the  concealed  space  south  of  the  Aurora. 

Qiinrtzyte  and  syenite  gneiss  interbedded,  in  the  bill  633  feet  south 
of  the  north  face  of  the  quartzyte  in  the  Aurora.  Thickness,  695 
feet. 

Syenite  gneiss  (602)  on  the  hill  south  of  the  Aurora. 

This  syenite  is  a  heavy  outcrop.  It  contains  some  fragments, 
mostly  of  greenstone,  and  only  partly  rounded.  It  reminds  me  of  the 
Seagull  and  Saganega  regions,  Minnesota.  The  rock  weuthers  light 
colored.  It  is  granular  and  poroun,  varying  to  compact.  The  feld- 
spar is  very  pale  pinkish,  and  the  hornblende  is  grayish -greenish.  It 
presents  all  the  characters  of  true  syenite,  showing  no  trace  of  bed- 
ding within  the  area  snbject  to  observation.  But  it  is  evidently  a 
fragmental  rock,  since  it  contains  many  rolled  fragments.  It  lur- 
nishes  us  ocular  evidence  that  real  syenite,  with  all  its  proper  crystal- 
line characters,  may  be  a  rock  of  sedimentary  origin. 

Looking  around,  we  discover  other  evidence  of  its  close  affinity  with 
products  of  sedimentary  action.  Close  by,  it  overlies  a  true,  tine- 
grained  quartzyte  (603).  The  contact  is  apparent  in  several  places. 
Four  rods  south  of  this  syenite,  a  considerable  mass  of  quartzyte  is- 
imbedded  in  syenite.  Down  the  hill  a  few  rods  further,  we  6nd  a 
vertical  ledge  of  gneiss  including  warped  and  broken  sheets  of  a  silice- 
ous schist.  Some  conception  of  the  relations  may  be  gained  from  the 
following  diagram: 


Fig   17.     Bfhlionn  of  quaiiz  xcliUl  and  siftnilt  <i>ms.%  Gog^hic  R'aiii/ey 
Michigan 
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This  siliceous  schist  resembles  some  portion  of  the  slates  seen  west 
of  Colby  mine;  and  this  and  the  quartzyte  spoken  of  as  in  contact 
with  the  syenite,  may  easily  be  the  lower  portion  of  that  very  series 
of  slates. 

In  the  above  diagram,  the  isolated  areas  of  syenite  shown  in  the 
midst  of  the  quartzyte  may  be  the  summits  of  bosses  protruding 
through  from  the  principal  mass  of  syenite,  and  not  as  they  appear, 
small  masses  wholly  detached,  and  belonging,  therefore,  to  the  inci- 
dents of  a  fragmental  process. 

At  the  Iron  King  mine,  it  is  said  there  is  neither  any  well  defined 
hanging  or  foot  wall.  The  south  country,  where  explored,  is  quartz- 
yte, but  the  hanging  wall  is  "paint  rock."  We  find  here  two  ore  de- 
posits. Between  the  north  and  south  deposits  are  jasper  and  quartz 
and  sand  rock.  The  jasper  is  not  red,  but  "gray-black."  The  dis- 
tance between  the  two  deposits  is  about  400  feet.  The  south  deposit 
is  also  about  80  or  90  feet  wide;  but  they  have  struck  no  regular  hang- 
ing wall. 

At  the  First  National  mine,  the  distance  between  the  two  de- 
posits is  200  to  800  feet,  and  there  is  no  good  footwall  on  the  north 
deposit 

I  noticed,  about  half  a  mile  east  of  the  Iron  King  mine  (1104),  close 
by  the  road,  on  the  north,  that  exploring  parties  had  thrown  out  a 
quantity  of  black  slate  (504)  quite  unlike  any  hitherto  seen  in  the 
region  by  myself.  It  has  the  aspect  of  the  Huronian  black  slate  of 
Canada;  but  is  strikingly  distinct  from  any  seen  by  me  in  connection 
with  the  iron  deposits  either  of  the  Gogebic  or  Marquette  region.  It 
would  be  exceedingly  interesting  to  learn  whether  this  black  slate  is 
conformable  with  the  ordinary  ore-bearing  schists  of  this  range. 

The  foregoing  detached  statements  from  my  note-book,  must  suffice. 
The  evidence  renders  it  probable  that  the  rocks  of  the  Gogebic  Range 
are  the  geological  equivalents  of  tiiose  of  the  Marquette  region. 
Lithologically,  the  resemblances  are  close,  and  need  not  be  here  re- 
peated. Their  low  position,  removed  but  a  few  hundred  feet  from  the 
crystalline  rocks,  is  analogous.  They  have  been  subjected,  however, 
to  less  disturbance;  and  hence  occur  in  a  continuous  *^range,'*  with 
dip  and  order  of  stratification  somewhat  uniform.  In  respect  to  dis- 
turbance, they  hold  a  position  intermediate  between  the  rocks  of  the 
Marquette  and  the  Vermilion  districts;  but  more  resembling  the  latter. 
We  find  here,   also,   intimations  of  an  overlying  system,  of   con- 
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tra^ted  character,  and  recalling,  as  at  Marquette,  the  slates  of  the 
Hurouian. 

3.  The  Penokee  Gap. — The  railway  from  Hurley  to  Mellen  makes 
sundry  cuts  through  argillytes  of  dark  and  brown  color,  dipping  north 
ward  at  an  angle  of  75^  or  80°.  One  signal  instance  is  less  than  a 
mile  east  of  Hoyt.  Toward  Mellen,  we  see  heavy,  blue-black  slates 
dipping  N.  66°  W   at  an  angle  of  80^ 

After  the  classical  study  of  the  Penokee  Gap  which  was  completed 
by  professor  Irving  in  1876,  I  had  no  expectation  of  making  any  addi- 
tions to  knowledge  during  my  short  sojourn  there;  but  I  deemed  it 
important  to  become  personal  witness  of  the  phenomena  which  he 
bad  described,  with  a  special  view  to  exercising  an  independent  judg- 
ment on  the  question  of  the  equivalency  of  the  Penokee  and  Gogebic 
ranges.  This  question,  in  view  of  observations  recently  made  by  me 
in  the  original  Huronian,and  in  the  Marquette  and  Gogebic  districts, 
had  acquired  for  me  a  new  and  special  interest.  I  wished  to  make  a 
few  examinations  in  entire  freedom  from  prepossessions;  and  I  there- 
fore, dismissed  from  my  mind  completely,  all  recollection  of  conclu- 
sions enounced  by  the  Wisconsin  geologists.  My  notes  were  recorded 
exactly  as  if  no  other  geologist  had  ever  written  of  the  Gap;  and 
what  I  introduce  here  will  be  strictly  a  few  excerpts  from  my  field- 
book. 

Arriving  at  Penokee  station,  I  proceeded  at  once  to  the  outcrop 
about  three-fourths  of  a  mile  south,  and  carefully  studied  northward 
along  the  railroad.  At  the  point  where  I  began  is  a  bedded  formation 
dipping  S.  22°  E.  at  an  angle  of  88°  to  90°.  It  consists  of  interstrati- 
fications  of  pale-reddish  and  blackish -gray  bands.  The  dark  bands 
(505)  range  in  thickness  from  one-fourth  inch  to  two  feet.  The  pink- 
ish (504a)  are  similarly  variable,  but  constitute  a  large  majority  of 
the  formation.  Where  the  pinkish  attain  a  thickness  over  one  or 
two  inches,  they  are  intersected  by  sheets  of  the  darker,  and  where 
the  darker  are  of  similar  thickness,  they  are  laminated  by  sheets  of 
the  pinkish.  The  darker,  besides,  are  striped  by  paper-thick  sheets  of 
the  pinkish;  and,  in  the  extreme  of  attenuation,  the  latter  become 
resolved  into  separate  grains  disposed  in  planes  through  the  dark  bed. 
When  the  dark  beds  are  examined  under  the  lens,  they  appear  com- 
posed of  a  fibrous,  almost  scale-like,  hornblendic  mineral,  which  in 
places  seems  passing  to  mica,  or  an  argillaceous  scaly  mineral — and 
with  this,  generally,  more  or  less  reddish  orthoclase.  So,  it  is  neither 
hornbleifde  schist  nor  syenite  gneiss;  but  rather  a  hyposyenite  gneiss. 
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When  the  pink  bands  are  examined,  they  are  seen  to  contain  red- 
dish grains  of  orthoclase  and  grains  of  glassy  quartz.  So  they  are 
essentially  granulitic  gneiss.  But  the  pink  rock  varies  in  constitu- 
tion, first,  by  admitting  a  sparse  dissemination  of  the  black  mineral, 
then,  so  much  of  it  as  to  constitute  continuous  films;  second,  by 
fusion  between  the  quartz  and  feldspar,  so  as  to  form  a  petrosilex: 
and  third,  a  fusion  of  the  grains  of  feldspar  by  themselves,  or  nearly 
by  themselves,  forming  a  felsite  (506-507). 

The  alternating  bands  of  pink  and  dark  rock  are  not  entirely  per- 
sistent, especially,  when  less  than  two  or  three  inches  thick. 

The  amount  exposed  at  this  outcrop  is  30  feet. 

Twenty  rods  north  of  this  place,  are  beds  having  the  same  steep  dip 
— almost  vertical — consisting  of  pinkish,  blackish  and  grayish  alter- 
nating. The  blackish  (508)  appears  to  consist  of  ^'nascent'*  mica  and 
quartz  grains,  with  a  little  orthoclase.  It  appears  like  hornblende 
schist  passing  to  mica  schist.  This  sort  predominates.  The  black- 
est layers  only,  contain  less  feldspar  and  quartz.  The  pinkish  are 
about  the  same  as  at  the  previous  locality.  The  gray  are  the  same  as 
the  pinkish,  except  that  the  orthoclase  is  white. 

In  this  exposure  are  some  beds  very  solid,  under  the  lens  containing 
a  sort  of  groundmass  apparently  of  orthoclase  and  hornblende,  and  in 
this,  disseminated  grains  and  crystals  of  some  feldspar  (508a).  It  is 
not  a  porphyry,  nor  even  truly  porphyroid;  nor  a  complete  porphyrel; 
but  it  approaches  the  last. 

About  twenty  feet  of  this  exposure  are  seen.  Then  the  formation 
is  concealed  60  feet;  then  an  outcrop  of  the  same,  10  feet;  then  con- 
cealed 50  feet. 

About  125  feet  from  the  last  locality,  toward  the  north,  the  forma- 
tion dips  Id""  toward  S.  V  E.  having  beds  of  alternating  porpbyrelloid 
and  hornblende  schist  (509),  with  also  thin  beds  of  muscovite  schist. 
The  last  contain  some  hornblende,  and  the  other  a  little  muscovite. 
Some  of  the  pinkish  rock  continues  in  diminished  amount.  The 
thickness  exposed  here  is  about  180  feet,  but  the  proportion  of  pinkish 
beds  is  in  places  increased,  and  the  bedding  is  also  in  places  thinner. 
The  dip  diminishes  to  7V.  For  the  next  12  rods  north  the  rocks  are 
concealed. 

Twenty-three  rods  still  farther  north,  occurs  another  outcrop  (510) 
very  similar  to  the  Inst,  dipping  in  about  the  same  direction  at  an 
angle  of  T^"".  The  formation,  however,  though  dark  and  dark-gray, 
contains  less  of  distinguishable  hornblende,  and  much  mofe  quartz; 
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ADd  3omelieaTf  beds,  though  so  dark  colored,  are  esseDtiatly  quartz- 
yte  (511).  But  others  approach  hornblende  schist,  and  some  contain 
many  disseminated  grains  of  reddish  feldspar.  The  breadth  of  this 
outcrop  is  200  feet.  Then  the  rocks  are  concealed  for  80  feet,  to  the 
bridge  over  the  Bad  river.  This  is  the  red  trusslbridge,  and  the  second 
iiridge  aouth  of  the  station. 

Under  the  bridge,  &00  feet  from  rock  510,  is  seen  a  vitreous  quartzyte 
<512),  dipping  N.  22°  W.,  amount  62°.  The  vitreous  variety  iu  under 
the  north  end.  That  under  the  south  end  is  porphyritic  (513).  Here 
is  a  marked  unconformity ;  but  the  exact  junction  of  the  northward- 
dipping  with  the  south  ward -dipping  rocks  is  concealed.  The  situation 
is  shown  in  the  following  cut: 


Fig.  18.     The  unconformity  in  the  Penohee  Gap,  Wisconsin.    Looking 
east. 

The  last  rock  seen  going  north,  is  at  a,  and  it  is  so  massive  that  no 
bedding  can  be  detected;  yet,  in  immediate'.'contact,  south,  the  dip  is 
south. 

Professor  Irving  reports  limestone  under  the  south  end  of  the  bridge, 
i>ut  t  did  not  observe  it.    A  thin  bed  may  occur  there. 

Three  hundred  and  eighty-three  feet  from  the  southern  limit  of  this 
-quartsy  te  is  an  outcrop  of  dark  siliceous  slates  (515),  thin  bedded,  and 
much  jointed,  dipping  N.  25°  W.,  amount  64°.  They  are  highly  silice- 
ous toward  the  bottom,  and  more  argillaceous  above  (516-518).  In 
places,  they  are  in  compact  beds  four  or  five  inches  thick;  in  places, 
they  become  thin-laminated,  and  occasionally  crumbling.  They  are 
«n  exact  representation  of  portions  of  the  Animike  slates.  The  bed- 
ding on  the  whole,  is  very  true,  but  there  are  occasional  kinks  and 
chang'-s  in  dip.  These  slates  are  seen  for  42  paces — 126  feet — ;  then 
«omes  a  concealed  place,  for  75  paces— :f^5  feet. 


192  SIXTEENTH  ANNUAL  REPORT 

The  next  outcrop  (519),  ten  rods  north  of  the  bridge  nearest  the 
station  on  the  south,  is  decidedly  flinty  or  jaspery,  and  the  beds  con- 
tain a  large  percentage  of  iron.  Though  distinctly  stratified,  this  out* 
crop  is  as  hard  and  slippery  on  the  polished  surface,  as  a  boss  of  steel. 
The  outcrop  is  seen  for  fifty  feet.  In  a  position  stratigraphically  100 
feet  above  this,  on  the  hill-side,  is  an  exploratory  shaft.  It  is  carried 
down  on  the  dip,  and  a  large  amount  of  rock  (b20)  has  been  thrown 
out  which  is  heavy  with  magnetite.  But  obviously,  the  experiment 
was  made  without  knowledge.  We  have  therefore,  so  far,  150  feet  of 
magnetitic  schists.  The  same  formation,  with  diminished  amount 
of  magnetite,  is  traceable  200  feet  from  the  locality  by  the  river 
bank. 

At  a  point  five  rods  north  of  the  railroad  tank  at  the  station,  the 
iron  formation  is  succeeded  by  black  argillytes  (521),  also  a  perfect 
reproduction  of  the  Animike.  They  are  thin-bedded,  little  siliceous- 
and  strictly  undisturbed.  They  are  traceable  S4  paces— 102  feet — then 
comes  a  concealed  interval  of  168  paces— 504  feet — to  the  first  bridge- 
north  of  the  station.  About  half  a  mile  beyond  thi»  is  the  next  out- 
crop. 

This  outcrop  is  ten  rods  north  of  the  third  bridige  north  of  the 
Penokee  station.  It  consists  of  black  carbonaceous  argillytes  (522> 
similar  to  521,  but  a  little  more  siliceous^  and  containing  a  multitude 
of  small  dark  spots  or  specks  of  about  the  hardness  of  the  slate.  Tbe- 
specks  weather  out,  leaving  little  cavities.  The  dip  is  here  64%  toward 
N.  23''  E.  The  length  of  the  exposure  is  158  paces,  equal  to  474  feet. 
This  is  along  the  railroad,  which  runs  N.  25'^  W.  Hence  the  diss- 
tance  across  vertically  would  be  by  trigonometrical  calculation,  363 
feet. 

If  the  thickness  this  side  of  the  bridge  is  363  feet,  and  the  same 
slate  continues  under  the  half  mile  interval  north  of  the  bridge  at 
same  angle  of  dip — giving,  say,  1,760  feet,  then  the  whole  thickness- 
of  the  slates  would  be 

Magnetitic  slates,  (519) 20O 

Black  argillytes  exposed 102 

Black  argillytes  concealed,  to  first  bridge 504 

Black  argillytes  concealed  north  of  bridge 1,760 

Black  argillytes,  (522) 363 

2,T3&' 

Magnetitic  slates ^ 100 

Total 3,029- 
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The  100  feet  of  magnetitic  shists  indicated  above  are  the  last  part 
of  the  outcrop  522.  Here  numerous  test  pits  have  also  been  opened, 
but  also  without  success,  as  might  have  been  expected. 

Beyond  this  outcrop  I  examined  along  the  railroad  about  a  thousand 
feet,  and  found  no  other  exposure.  The  needle,  of  course,  becomes 
very  unreliable  in  this  cut — varying  to  the  extent  of  60^  one  way  and 
the  other. 

In  this  large  cut  north  of  the  station  there  is  much  tnore  physical 
disturbance  revealed  than  in  the  one  south  of  the  station.  In  one 
place,  the  continuity  of  the  strata  is  completely  interrupted  for  a  space 
of  six  feet  on  the  east  side;  and  on  the  west  side,  a  disturbance  such 
as  indicated  below  has  taken  place. 


Fig.  19.  Contortions  in  the  magnetitic  schists  at  Penokee  Oap,  north  of 

the  station. 


Bringing  the  various  observations  into  correlation  and  aggregating, 
it  appears  that  we  find  in  Penokee  Gap  988  feet  of  strata  dipping 
south  and  3,480  feet  dipping  north.  These  figures,  of  course,  do  not 
indicate  total  thicknesses  of  formations/ 


*  Tly  refolts  of  profMsor  Irvliig*t  work  In  the  vlclolty  of  Peookee  Osp  may  be  fooud  In  the  G^olof/i/ 
of  Wi»eon9iti,  vol.  lii,  pp.  9|.5,  etpecUlly.  Atlas  sheet  xxlH.  Plate  xlil  Is  a  tIsw  of  the  second  bridge 
•o^th  of  the  vtatlon     Particular  descri ptlon^  of  the  rocks  follow. 
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The  firmly  accepted  conclusion  of  the  Wisconsin  geologists  in  ref- 
erence to  the  equivalency  of  the  magnetitic  and  carbonaceous  slates 
of  the  Penokee  Oap  makes  them  a  continuation  of  the  hsematitic 
schists  of  the  Qogebic  range.  That  is,  they  hold  the  formation  in 
both  regions  to  be  Huronian.  That  the  Gogebic  iron-bearing  strata 
are  not  Huronian,  I  feel  prepared  to  affirm.  And  I  cannot  resist  se- 
rious doubts  of  their  equivalence  with  the  Penokee  strata,  which 
strongly  impress  me  as  holding  characters  strikingly  similar  to  those 
of  the  Huronian  slates  of  lake  Huron  and  the  Animike  slates  of  Gun- 
flint  lake  and  Thunder,  bay.  This  resemblance  impressed  me  from 
the  beginning;  but  I  feel  reluctant  to  controvert  the  judgment  of  the 
Wisconsin  geologists. 

But  while  I  hold  the  decision  in  abeyance,  I  take  the  liberty  to 
offer  a  few  points  for  consideration : 

(I).     We  discover  the  strong  lithological  resemblance  referred  to. 

(2).  The  lithological  characters  are  unlike  those  of  the  ore-bearing 
strata  of  the  Gogebic,  Marquette  and  Vermilion  regions. 

(3).     The  ore  also  is  magnetic  instead  of  hsmatitic. 

(4).  It  is  diffused  through  the  laminated  sheets  of  the  formation, 
as  at  Gunflint  lake,  and  not  segregated  in  lodes,  as  in  the  other  re- 
gions mentioned. 

(5).  A  higher  system  of  black  slates,  apparently  unconformable  on 
the  haematitic  schists,  appears  to  exist  in  the  Gogebic  and  Marquette 
regions,  as  it  certainly  does,  in  the  eastward  prolongation  of  the  Yer* 
milion  schists. 

(6).  At  the  distance  of  15  to  18  miles  in  a  direct  line  S.  S.  £•  of  the 
Gogebic  range,  is  a  well  known  line  of  magnetic  attractions,  such  as 
are  exerted  by  the  magnetitic  schists  of  Penokee  Gap. 

(7).  These  lines  of  attraction,  though  as  far  as  I  know,  they  lie 
too  far  south,  may  nevertheless,  when  more  accurately  located,  be 
found  in  the  strike  of  the  Penokee  schists,  especially  if  the  great  ex- 
posure a  mile  north  of  Penokee  station  affords  a  reliable  indication 
of  the  strike;  for  that  is  S.  67''  E.  But  this  is  probably  disturbed 
somewhat  by  the  great  fault. 

Should  the  Penokee  slates  be  identified  with  the  Animike  (true  Hu- 
ronian), then  the  Marquette  or  Kewatin  system,  will  be  found  under- 
lying, and  the  juxtaposition  of  the  Penokee  slates  with  the  (supposed) 
Laurentiau  schists  on  the  south,  may  be  due  to  an  overslide  accom- 
panying the  formation  of  the  great  fault.  If  the  dislocation  resulted 
froQi.a  horizontal  movement,  instead  of  an  upthrow,  then  the  strata 
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•on  the  east  aide  must  have  slipped  southward  over  900  feet;  and,  if 
the  fnovemeut  was  confined  to  the  Penokee  slates,  they  may  thus 
have  concealed  a  thin  representation  of  the  Kewatin  which,  on  the 
identification  assumed,  is  at  present,  wanting  at  this  point. 

§    4. — 0B8BRVATI0NS    BBTWEBN  TOWBR   AND   PSEUDO-MESSER  LAKB. 

On  the  portage  from  Mud  lake  to  Burntside  lake  a  fine-grained  gray- 
•wncke  appears  on  the  hill  (523). 

This  formerly  very  bad  portage,  referred  to  in  my  report  for  1886, 
has  been  improved  by  laying  timbers  lengthwise  along  the  path 
through  the  long  swamp.  But  the  .execrable  portage  on  Mud  creek 
has  received  no  improvement  whatever. 

I  embraced  the  present  opportunity  to  complete  my  line  of  observa- 
tions on  the  northwest  shore  of  Burntside  lake.  (See  Rep.  1886  pp. 
37  and  206.) 

N.  W.  i,  S.  W.  i,  sec  30,  T.  63-13.  Burntside  lake.  Graywacke 
schist  continues,  but  here  much  intersected  by  veins  of  granite. 

Island,  N.  E  i,  S.  E.  i,  sec.  30,  T.  63-13.  Mica  schist  and  gneiss 
interbedded.     The  schist  also  is  much  veined  with  gneiss. 

N.  W.  i,  N.  E.  i,  sec.  30,  T.  63-13.  Main  land  north  side.  Gneiss 
and  mica  schist,  but  mostly  gneiss.  The  schist  is  exceedingly  fine- 
grained. 

North  point  of  small  island,  S.  E.  i,  S.  W.  i,  sec.  20,  T.  63-13. 
Oood  museovite  schist. 

North  end  of  long  island,  N  W.  i,  S.  W.  i,  sec.  21,  T.  63-13. 
H^ascent  mica  schist.  No  mica  distinctly  formed,  to  the  naked  eye; 
but  under  the  lens  it  comes  out  unmistakably. 

The  general  tenor  of  the  rock  formation  from  here  all  around  the 
north  side  of  Burntside  lake  is  indicated  in  the  preceding  observations. 
Most  of  the  islands  in  the  lake  are  of  the  same  character.  The  outlet 
•of  the  lake  only,  at  the  west  end,  and  its  immediate  vicinity  lies  to 
the  south  of  the  great  crystalline  masses. 

Proceeding  eastward  we  find  the  portage  from  Long  lake  to  Fall 
lake  presenting  near  its  eastern  end,  a  remarkably  bad  condition.  The 
last  twelve  rods  are  literally  under  water  except  at  low  stage. 

At  north  end  of  portage  from  Newton  to  Fall  lake  the  previaling 
•character  of  the  rock  is  as  stated  below;  but  this  is  quite  different 
from  that  before  seen  in  this  vicinity.  It  is  the  old  '*talcose  siate." 
<979.) 
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At  Pipestone  rapids  at  the  entrance  to  Basswood  lake  (RepoH,  ISSG, 
p.  104)  the  quartz  mass  exposed  last  j-ear  in  the  middle  of  the  stream 
was  now  found  completely  submerged  and  the  water  cohered  the  br .  ad 
beach  on  the  east  side  below  the  falls,  quite  up  to  the  high  bank.  The 
volume  of  water  appeared  to  be  twice  as  great  this  year  as  it  was  last 
year  in  the  same  month. 

Rock  624.     Chlorite  rock — "pipestone"  from  Pipest(Mie  rapids. 

N.  E.  i,  S.  E.  i,  sec.  6,  T.  6i-10.  At  end  of  portage  fram  Arm  IV 
to  Arm  Ily  Basswood  lake.  The  syenitic  gneiss  here  contains  many 
half  rounded  grains  of  nearly  white  feldspar;  but  the  rock  has  a  dark 
gray  feldspathic  groundmass  disposed  in  a  bedded  manner.  This  it- 
self apparently  consists  of  finer  particles  of  the  same  feldspar,  with  a 
decayiog  chlorite-like  mineral.  There  is  no  hornblende  present  here. 
The  rock  is  chlorite  gneiss. 

Proceeded  over  portage  from  Arm  II  to  Arm  III  and  by  north  side  of 
the  large  islands  in  Basswood  lake. 

S.  W.  i,  S.  W.  i,  sec  32,  T.  66-8,  as  of  Minnesota.    North  side  of 
Sacker  lake.     The  rock  is  a  felsitic  argillyte  (526),  hard  and  ringing, 
tending  to  split  into  thin  laminae.    Thin  scales  are  waxy-translucent. 
Many  joints  cross  the  vertical  bedding. 

The  temperature  of  the  air  at  7  a.  m,  (Aug.  8)  was  50''  Fah.  The 
lake  was  steaming,  with  a  temperature  of  bT  near  shore  and  68^  re* 
mote  from  shore. 

The  slate  at  portage  out  of  Sucker  lake  is  a  dark  argillyte.  On 
Melon  lake,  the  rock  is  also  translucent  on  thin  edges. 

§   5  — PSEUDO-ITESSER  LAKE. 

Pseudo-Messer  lake  lies  mostly  north  of  the  accepted  boundary; 
though  the  canoe  route  commonly  pursued  passes  through  most  of  its 
longitudinal  extent,  and  by  the  terms  of  the  treaty  fixing  the  inter- 
national boundary,  nearly  half  of  the  lake  would  seem  to  fall  on  the 
American  side.  The  southwestern  end  of  the  lake  rests  on  the  bound- 
ary as  recognized,  and  connects  with  Sucker  lake  on  the  west,  and 
with  a  series  of  three  small  lakes  on  the  east  which  lead  into  Knife 
lake  (Rep.  1886,  p.  142).  The  usual  portage  approach  from  Knife  lake 
starts  from  the  north  shore  at  X.  E.  i,  N.  E.  i,  sec.  30.  T.  65-7,  (as 
of  Minn.)  and  proceeding  over  a  hill  reaches  a  Canadian  lake  about  a 
mile  in  length.  A  portage  of  twenty-five  rods  leads  from  this  to 
Pseudo-Messer.    The  sborei?  of  the  last  meatioued  are  mostly  sur- 
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rounded  by  cliffs  of  slates  presenting  tbe  usual  appearance  of  the 
neighborhood  of  mica  and  hornblende  schists;  but  the  schists  do  not 
touch  the  shore  even  at  the  most  northern  point.  The  shore  line  is 
ver3'  irregular,  rendering  canoeing  difficult,  and  toward  the  southern 
extremity  are  narrows  located  close  to  the  east  main  shore.  . 

S.  E  i,  S.  E.  i,  sec.  19,  T.  65-7,  (as  of  Minn.)  On  the  portage 
north  from  Knife  lake.  Slates  of  dark  color  several  times  outcrop. 
The  structure  is  nearly  vertical  and  strikes  N.  78/  E.  I  looked  care- 
fully for  bedding  planes  unconformable  with  this  structure  and  found 
none. 

N.  W.  i,  S.  E.  i,  sec.  19,  T.  65-7,  (as  of  Minn.).  Near  north  end 
of  portage.  6a|^bro  occurs  in  a  low  exposure  of  4  feet  (974)  and  about 
20  feet  above  the  Canadian  lake. 

N.  E.  i,  N.  E.  i,  sec.  24,  T  65-S,  (as  of  Minn.).  At  end  of  port- 
age  from  Canadian  lake  to  Pseudo-Messer.  Here  are  signs  of  approach 
to. mica  schist  (975). 

Believing  the  boundary  of  the  crystalline  schists  to  exist  in  the  near 
vicinity,  I  made  an  excurnion  to  the  northern  extremity  of  the 
lake. 

S  W.  i,  sec.  13,  T.  65-8,  (as  of  Minn.).  North  part  of  Pseudo- 
Messer  lake,  west  side.  The  rock  here  (976)  is  a  rough-weathering 
slate  having  the  appearance  and  approximately  the  constitution  of  the 
chloritic  rock  at  Kawasachong  Falls  (Rep.  1886,  pp.  58,  60) — by  some 
supposed  eruptive 

N.  W.  i,  sec.  13,  T.  65-8,  (as  of  Minn.).  Extreme  north  bay  of 
Pseudo-Messer  lake.  The  rock  here  preserves  a  similar  aspect  to  tbe 
last.  On  islands  near,  it  contains  iron.  Here  is  a  cascade  falling  into 
the  lake. 

Rock  977.     A  sort  of  porphyrel. 

Rock  978.  Micaceous  green  rock,  passing  into  the  red  rock  of  Ke- 
kequabic  lake.     Found  on  portage,  not  in  place. 

§  6.— KKiFE  LAKE  (See  Rej).  1886,  pp.  142-4.) 

Revisited  eastern  end  of  portage  from  Potato  to  Knife  lake.  Dark 
vertical  slates  (526)  are  here  seen,  varying  from  carbonaceous  argilly te 
to  siliceous  and  red  jaspery  schists  excessively  convoluted  with  bands 
of  hsematitic  schist  sometimes  quite  rich. 
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Fig  20.     Con  11^ II lei/,  Jaxpfry  and  argilUtic  slates,  west   end  of  Knife 
lale. 

SimilHr  sJnres  continue  eastward  to  Mokonmn  island,  where  they 
stand  on  edge  and  strike  N.  72"  W.  They  split  into  very  thin  leaves: 
—even  a  si xtj- -fourth  of  an  inch  thick. 

Ann  /r  (Knife  lake). 

N.  \V.  1,  N.  W.  i.  sec.  27,  T.  65-7,  Knife  lake.  Arm  IV.  Very  si- 
liceous shite  (5:^7),  not  splitting  readily.  This  is  not  felsitic.  In 
color  it  is  lilackish-gray. 

N.  W.  1,  X.  W.  i,  sec.  26,  T.  65-7.  Siliceous  slate  near  the  shore, 
compact  and  ringing,  weathering  white.  Farther  back,  leas  hard, 
more  slaty,  composed  of  interstratificiitious  of  slate'Colored  bands  and 
greenish  bands.  The  latter  ar<.>  in  places  much  bent  and  folded.  The 
lighter  bands  weathei  poroditio.  in  aspect,  but  they  are  really  slaty 
within. 

Rock  52S.     Flinty  argillyte. 

Rock  529.     Siliceous  argillyte. 

Rock  530.     Greenish  bands  in  last. 

Rock  531.     From  a  bowlder. 

N.  W.  1,  S.  W.  i  sec.  24,  T.  65-T,  .'Vrm   IV,  Knife  lake.     An  out- 
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burst  of  diabase  trending  east  and  west,  and  forming  a  broad  pro- 
montory on  the  south  side  of  the  Arm.  The  opposite  shore  appears  to 
be  slate. 

S.  W.  i,  S.  E.  i,  sec.  24,  T.  65-7.    Siliceous  slate. 

S.  W.  1,  S.  E.  i,  sec.  24,  T.  65-7.  Large  outcrop  similar  tojthat  of 
rocks  528-530.  The  Iighter*weathering  beds,  however,  assume  a  eon- 
j^lomeritic  structure — lumps  of  hornblende  impacted^  in  an  argillo- 
feldspaihic  groundmass  and  weathering  conglomeritic  and  very  rough 
(533).  But  this  is  not  the  character  of  the  Ogishke  conglomerate. 
(Compare  Rep.  1886,  p.  412.)  Rock  539.  From  the  more|  compact 
and  dia  basic  part. 

S.  W.  i,  S.  W.  i,  sec.  19,  T.  65-6.    The  same  formation  continues. 

S.  W.  i.  S.  E.  i,  sec.  19,  T.  65-6.  Felsitic  siliceous  schist  (534), 
hard  and  compact,  pale  greenish. 

S.  W.  cor.  sec.  20,  T.  65-6.     Felsitic  siliceous  schist.  * 

N.  W.  i,  S.  W.  i.  sec.  20,  T.  65-6.  Mixture  of  diabasic  slate  and 
argillyte  (535). 

The  rapids  from  Epsilon  lake  on  the  south  can  be  seen  descending 
a  slope  apparently  75  feet. 

American  Giessbach,  N  E  h  S.  E.  i,  sec.  20,  T.  65-6.  The  for- 
mation here  is  a  true  argillyte.  Grossed  the  portage  here  and  looked 
into  Epsilon  lake  (see  §  33,  Epsilon  lake).  Its  surface  is  but  ten  feet 
below  the  crest  of  the  dividing  ridge  at  this  point. 

S  W.  J,  N.  W.  i,  sec  21,  T.  65-6,  The  rock  approaches  the  char- 
acter of  the  Stuntz  island  conglomerate  in  Vermilion  lake. 

This  south  bay  or  bifurcation  of  the  IV  Arm  of  Knife  lake  is  sur- 
rounded by  wavy  topped  and  barren  hills,  reaching  altitudes  of  100 
to  150  feet  and  over.  They  present  precipitous  faces  toward  the  lake, 
often  assuming  a  rude  columnar  aspect. 

N.  W.  1,  N.  W.  i.  s 'C.  22,  T.  65-6.  Stuntz  conglomerate.  It  con- 
tains  no  foreign  pebbles,  but  only  pebbly  forms,%specially  on  weath- 
ered surfaces,  which  seem  tOjbe  little  different  from  the  general  mass, 
and  beneath  the  surface  are  merged  undistinguishably  in  it. 

N.  W.  cor.  sec.  22,  T.  66-6.  Good  dark  argillyte  (536)  exactly  like 
that  at  east  end  of  Sucker  lake. 

N.  E  t,  N.  E.  i,  sec.  21,  T.  65-6.  Felsitic  argillyte  (537),  but  ap- 
proaching Stuntz  conglomerate. 

Memorandum,  The  Tower  iron*  nioe  blasts  ar<i  audible  liere.  a  distance  or  .'i8^ 
miles  in  an  air  line,  but  nearly  along  the  strike  of  ihe  rocks.  After  mtny  obseiva- 
tions  on  these  sounds  during  two  seasons,  I  aii  convinced  tliat  the  crust  of  the 
earth  is  the  medium  of  trans:nis>ion  of  the  vibrations  which  at  this  distance  pro- 
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duce  tbe  sensation  of  sound;  But  I  h-ive  never  noticed  any  second  report  trans- 
mitted through  the  air.  I  have  remarked,  however,  that  the  sounds  are  transmitted 
to  a  greater  distance  I'/i  the  direction  of  the  etrike  than  in  h  direction  acroM  it  'Uiis 
fact  accords  with  observations  on  the  transmission  of  seismic  disturbances. 

N.  E.  i,  N.  E.  i,  sec  20,  T.  65-6.  Stuntz  conglomerate  (538)— the 
constituent  pebbles  giving  a  faint  porphyritic  appearance. 

S.  E. i,  S.  E.  %  sec.  17,  T.  666.  Rock  (934)  quite  argillitic  but 
the  sedimentation  lines  are  distinctly  conformable  with  the  schistic. 

N.  E  i,  N.  E  i,  sec.  17,  T.  65-6.     Finely  porphyritic  schist  (935). 

N.  E.  1,  S  E.  i,  sec.  17,  T.  65-6  A  low  entirely  massive  exposure 
of  a  rock  (936)  of  porphyrelloid  aspect,  containing  striated  feldspar. 

N.  E  i.  S.  W.  i,  sec.  16,  T.  65-6.  Noryte,  same  as  '^Pulpit  rock" 
noryte.     Rocks  926-9. 

Rock  937.     Pulpit  Rock  noryte.  j 

A*  few  feet  north  of  this  appears  a  gray  felsitic  slate  (938),  having 
the  aspect  of  the  Vermilion  slates,  but  the  dip  of  Auimike.  The  dip 
is  southward  53°  in  a  direction  S.  20"^  E. 

Searching  to  the  top  of  the  hill  for  vertical  schistosity  I  found  it, 
but  the  rocks  are  argillytes — black  and  gray  interlaminated  (939  Ke- 
watin  series?). 

N.  E.  i,  S.  W.  i,  sec.  16,  T.  65-6.  Gray  feldspathic  rock  (940),  sim- 
ilar to  938,  but  it  contains  angular  fragments  of  black  siliceous  argil- 
lyte. 

N.  W.  i,  S.  W.  i.  sec.  16.  T.  65-6.     Near  the  point. 

Slate.  Banded  argillyte  i941),  with  dip  of  71"^  toward  the  &  35-^  £. 
— the  sedimentary  ntructure  corresponding  with  the  schistosity.  Sup- 
posed of  the  Kewatin  series. 

N.  E   i,  S.  W.  i,  sec.  16,  T.  65-6.     In  the  narrows,  south  side. 

Here  a  rock-mass  apparently  schistose  vertically,  but  in  quite  a  brec- 
ciated  state,  stands  between  two  masses  without  discoverable  schistos- 
ity. Tbe  one  at  th#  point  shows  structure-lines  running  but  little 
east  of  north,  with  vein-like  forms,  but  no  true  veins,  aud  these 
faulted.  This  mass  is  only  less  brecciatev  in  structure  than  the  mid- 
dle one;  and  I  find  some  pebble-like  portions  isolated  from  the  general 
mass.  On  the  whole  I  shall  set  the  rock  down  as  Stuntz  conglomerate. 
The  formation  weathers  exceedingly  rough.     Rock  942. 

S.  W.  i,  N.  E.  i,  sec.  16,  T.  65-6.  Flinty  argillyte,  dipping  about 
south  at  an  angle  of  25''.  There  is  no  schistosity  separate  from  the 
sedimentation  (943).     Query,  is  this  Animike? 

S.  W.  i,  N.  E.  i,  sec.  16,  T.  65-6.  Stuntz  conglomerate  forms  the 
whole  point. 
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N.  E.  i,  N.  E.  i,  sec.  16,  T.  65-6.  A  mass  of  porphyritic  character, 
haying  a  granular  feldspathic  base  and  feldspar  crystals.  It  is  similar 
to  Rock  936. 

N.  W.  i,  S.  W.  i,  sec.  15,  T.  6o-f).  In  the  southward  bay,  west 
side.  Same  sort  of  porphyritic  rods.  The  cliffs  rise  majestically 
around  the  shores  of  this  bay. 

N.  E.  h  S.  E.  i,  sec.  16,  T.  65-6.  A  perpendicular  bluff  fifty  feet 
high,  broken  in  sub-columnar  forms.  It  is  still  the  porphyrelloid  rock, 
closely  related  to  Stuntz  conglomerate. 

The  same  formation  uprises  at  the  extremity  of  the  bay,  and  walU 
in  nearly  all  the  southeast  side. 

S.  W.  i,  S.  W.  i,  sec,  15,  T.  65-6.     Inland,  south  uf  head  of  bay, 

A  lofty  hill  which  at  shore,  is  quite  conglomeritic,  but  back  from 
shore  is  scarcely  more  than  the  porphyrelloid  rock  so  abundant.  No> 
certain  schistic  or  bedding  structure  can  be  seen,  but  there  is  an  am- 
biguous structure  running  N.  20"^  E.  From  such  observations  it  ap- 
pears that  the  Stuntz  conglomerate,  porphyrel,  porphyrellyte  and 
porodyte  sustain  close  relations  of  structure,  composition  and  genesis; 
and  actually  graduate  into  each  other.  The  schistic  condition  of  the 
porphyrellyte  and  the  fragmental  character  of  the  conglomerate,  ap- 
pear HS  reminiscences  of  a  sedimentary  origin;  while  the  massive 
porodyte  and  generally  unbedded  porphyrel  leveal  the  nature  of  the 
chauges  to  which  all  have  been  exposed* 

Rock  944.     Oroundmass  of  Stuntz  conglomerate. 

S.  W.  i.  N.  W.  i,  sec.  15,  T.  65-6.     Mouth  of  little  bay,  east  sicfe. 

The  porphyrel  is  cut  by  a  dike  of  diabase  (945)  30  feet  wide,  dipping 
85°  northward,  and  trending  N.  42°  E. 

Porphyrel  continues  to  the  eastern  end  of  this  northern  bifurcation 
of  Arm  IV,  Knife  lake  I  do  not  make  out  any  distinct  system  of 
bedding  or  schistosity.  The  rock-masses  are  rough,  rugged,  loftyjand 
structureless;  obscurely,  however,  there  exists  a  series  of  vertical,  but 
very  irregular  divisional  planes,  giving  rise  to  rough  and  rude  colum- 
nar and  pyramidal  forms;  but  every  feature  is  irregular. 

N.  E.  i,  N.  W.  i.  sec.  15,  T.  65-6.  A  great  boss  of  the  same  rock 
indenting  the  head  of  thi**  Arm. 

N.  W.  i,  N.  W.  i,  sec.  15,  T.  65-6.  A  perpendicular  bluff  100  feet 
high,  which,  from  the  fragments  thrown  down,  appears  to  be  irregu- 
larly bedded  slate,  some  of  which  is  bluish  and  some  blackish. 

N.  E.  i.  N.  E.  i,  sec.  16,  T.  65-6.    Porphyrel  appears  densely;  and 

neatly  porphyritic. 

The  high  range  of  bluffs  along  the  north  shore  of  the  north  bifur* 
26 
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i3ution  of  Arm  IV,  as  far  as  the  narrows,  is  all  formed  by  porphyrel, 
varying  little  in  external  aspect  or  internal  structure.  No  schistosity 
is  disclosed.  Some  of  the  bluffs  present  a  wild  and  picturesque  ap- 
^learance. 

S.  E.  h  N.  W.  i,  sec.  16,  T.  65-6.  A  high  vertical  bluff,  a  little 
^different  (945  bis).  It  is  finely  porphyritic,  with  a  feldspathic  ground- 
4nass,  and  inclosing  slivers  of  dark  argillyte. 

S.  E.  i,  N.  W.  i,  sec.  16,  T.  65-6.  Slaty  argillyte  (946),  mostly 
^atk  color,  with  schistosity  and  sedimentation  planes  dipping  IS"^  toward 
S.  70°  B. 

S.  E.  i,  N.  W.  i,  sec.  16,  T.  65-6.  An  enormous  vertical  mass  of 
slaty  material  dipping  57°  S.  S.  W.  The  sedimentary  banding  coin- 
cides. The  slate  is  mostly  dark,  roughish  argillyte  interbedded  with 
granular,  grayish  argillyte.  Some  portions  have  the  hardness  and 
fracture-look  of  diabase;  but  they  are  not  truly  diabasic. 

Memorandum.  I  saw  here  a  strawberry  flower,  and  a  ripe  Alpine 
strawberry  on  the  same  stem — Sept   16. 

S  E.  i,  N.  W.  i,  sec.  16,  T.  65-6.  A  mass  of  slate  dipping  55**  toward 
S.  25°  W  ,  and  intersected  by  a  diabasic  dike  15  inches  thick,  dipping 
30''  toward  N.  25"^  E.,  and  therefore,  almost  exactly  at  right  angles 
with  the  slate. 

Rock  947.     Diabase  from  dike; 

liock  948.     Slate  in  immediate  contact. 

Bock  949.     General  character  of  the  slate. 

Rock  950.     Coarse  material  interbedded. 

Rock  951.     Fine  dark  diabase-looking  rock. 

Rock  952.  Conglonieritic  or  brecciated  portion  of  formation  with 
fuany  grains  of  glassy  quartz. 

The  highest  rock  is  951. 

Similar  rocks  form  the  entire  promontory  which  faces  the  little  bay 
on  the  north  shore  On  the  north  side  of  the  bay  the  dip  is  about  80- 
south.  For  the  next  third  of  a  mile,  the  shore  is  lined  by  large  hills 
having  the  same  aspect  as  these. 

liT.N.  E.  i,  S.  E   i,  sec.  17,  T.  65-6.     Chloritic  [argillyte  (953),  very 
irregular  in  structure  and  rough  in  weathering. 

S.  E.  i,  S  E.  i,  sec.  17,  T.  65-6.  Black  siliceous  argillyte  (539). 
The  banding  is  conformable  with  the  schistosity. 

Glacial  striae  S.  19°  W. 

There  is  no  sign  of  a  human  being  along  these  shores.  The  forest 
is  primeval;  the  ancient  moss  clothes  the  ground. 

bleeping  all  night  within  sound  of  the  roaring  falls  from  Epsilon 
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lake,  I  determined  to  visit  them  and  obtain  a  photograph  if  praefcic- 
able.  I  find  the  falls  the  finest  that  I  have  yet  seen  in  northeastern 
Minuesota.  There  is  a  descent  of  at  least  75  feei,  down  one  continu- 
ous but  broken  slope,  at  an  average  angle  of  about  45°.  I  took  three 
negatives  under  considerable  di£5culties,  all  of  one  scene  about  two- 
thirds  the  way  down.  A  view  of  twice  the  length  of  cascade  is 
glimpsed  higher  up,  but  a  clump  of  ceders  forms  too  serious  an  ob- 
struction to  chop  away.  The  falls  are  visible  from  the  lake,  and  pre- 
sent so  much  the  aspect  of  the  falls  of  the  Giessbach  from  the  lake  of 
Brienz  in  Switzerland,  that  I  propose  to  name  these  the  American 
Oiessbach.  This  bifurcation  of  the  JY  Arm  is  also  of  nearly  the  di- 
mensions of  the  lake  of  Brienz,  and  is  surrounded  by  a  similar  ram- 
|)art  of  ancient  rocks. 

S.  W.  i,  N.  E.  i,  sec.  20,  T.  65-6.  Island  near  north  side  in  front 
-of  the  Oiessbach.  The  slate  hills  on  the  north,  with  their  steep 
fronts  present  from  here  a  very  impressive  view,  and  I  took  a  photo- 
graph. ' 

S.  E.  i,  S.  E.  i,  sec.  17,  T.  65-6.  Stuntz  conglomerate.  The  course 
now  passes  along  the  north  shore  of  the  IV  Arm. 

S.  E.  i,  S.  E.  i,  sec.  18,  T:  65-6.  A  high  and  massive  bluff  of  the 
nondescript  sort  of  rock  (540),  which  has  heretofore  been  denomin- 
ated Graywacke. 

S.  W.  i,  S.  E.  i,  sec.  18,  T.  65-6.  An  enormous  talus  fallen  from 
a  high  bluff.  Fine,  bluish,  dark  rock  (541),  without  conspicuous 
quartz,  and  looking  somewhat  like  very  fine  diabase;  but  I  think  it  a 
phase  of  the  graywacke  last  seen. 

N.  W.  i,  S.  W.  i,  sec.  24,  T.  65-7.  Graywackenitic  rock (642).  but 
a  little  more  slaty  in  aspect  than  the  rock  541. 

Arm  ///(Knife  Lake). 

S  E.  i,  N.  E.  i,  sec.  23,  T.  65-7.  Portage  from  Arm  IV  to  Arm 
III,  Enife  lake.  The  two  arms  are  separated  here  by  about  forty 
paces,  and  we  portaged  over,  with  a  view  to  workiug  eastward  toward 
Saganaga  lake.  No  rock  is  in  place  on  the  portage,  but  I  saw  large 
bowlders  of  Stuntz  conglomerate  (543)  and  of  graywacke.  The  con- 
glomerate is  obscurely  porphyritic. 

S.  E.  h  N.  W.  i,  sec.  23,  T.  65.7.  Mouth  of  Arm  III,  Knife  lake. 
Island  Rock  with  a  sub^slaty  structure,  breaking  into  cuboidal  frag- 
ments, hard,  with  a  slightly  graywackenitic  aspect,  but  on  close  in- 
spection, proving  to  be  a  compact,  siliceous  slate.  The  sedimentary 
structure  coincides  with  the  slatiness. 
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Body  of  Knife  lake. 

S.  W.  i.  S.  W.  i,  sec.  14.  T.  65-7.  Flinty  argillyte;  but  while  the 
beds  seem  lixed  and  ri^id  in  direction,  there  are  convoluted  bandings^ 
indicating  an  original  sedimentation-structure  unconformable  with  the 
schistosify.  The  films  limiting  the  bands  are  nearly  black,  while  the 
bands  are  grayish-black  and  weather  dark  gray,  with  the  aspect  of  a 
compact  quartzyte.  In  thin  section,  under  the  microscope  we  find  a 
very  fine  granular  quartz  base  with  many  minute  disseminated  grains 
of  a  black  opaque  substance  appearing  anthracitic.  In  all  these 
features  it  approximates  the  flinty  schists  of  Gunflint  lake,  to  be  des^ 
cribed  hereafter.  This  very  dark  siliceous  schist  is  represented  by 
rock  544. 

S.  W.  i,  S.  W.  i,  sec.  14,  T.  65-7.  This  is  only  an  eighth  of  a  mile 
north  of  the  last,  but  the  rock  (545)  presents  much  the  appearance  of 
the  Stuntz  conglomerate. 

S.  W.  i,  N.  W.  i,  sec.  14,  T.  65-7.  Island  opposite  mouth  of  Arm 
II,  Knife  lake.  Sericitic  felsitic  schist  (546)  lising  75  feet  above  the 
lake. 

N.  W.  i,  N.  E.  i,  sec.  14,  T.  65-7.  Mouth  of  Arm  11,  north  side. 
Porphyritic  Stuntz  conglomerate;  rock  547. 

Arm  Z  (Knife  lake). 

S.  W.  i,  S.  W.  i,  sec  12,  T.  65-7.  Bear  Narrows,  entrance  to  Arm 
I,  Knife  hike.     Siliceous  argillyte. 

S.  W.  i,  S.  W.  i,  sec.  12,  T.  65-7.  Siliceous  argillyte  (548),  mas- 
sive, dark.     Strike  N.  72*^  VV. 

The  strait  into  Arm  I  of  Knife  lake  is  two  rods  wide,  swelling  in 
the  middle,  and  a  perceptible  current  flows  out. 

N.  W.  i,  S.  E  i,  sec.  V/,  T  65-7.  On  my  first  visit  to  this  locality 
the  rock  was  set  down  as  "poroditic"  and  obscurely  porphyritic. 

Rock  549.     Poroditic  porphyrellitic  rock. 

On  my  second  visit  to  the  locality,  I  made  the  following  observa* 
tions:  This  rock,  which  is  the  same  as  I  have  seen  in  many  places, 
especially  around  Knife  lake,  is  closely  related  to  porphyrel.  (For 
use  of  term  see  Report  for  188&,  p.  159).  It  nat  only  consists  mainly 
of  the  groundmass  of  porphyrel,  as  I  have  seen  iit  in  Arm  lY of  Knife 
lake,  but  there  are  clear  evidences  of  the  incipient  emergence  of  felds- 
par crystals  from  the  mass.  Thin  scales  possess  a  waxy  translucency, 
and  the  whole  base  looks  felsitic,  but  it  is  not  hard  enough  for  this. 
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i^hough  what  I  have  called  felsitic  schist,  from  Sucker  lake  eastward, 
is  sometimes  closely  similar.  I  am  unable  to  form  iu  the  field,  a  fiual 
opinion  respecting  its  nature.  It  requires  investigation.  From  mac- 
roscopic study  I  should  say  it  is  composed  of  argillaceous  matter,  felds- 
par and  silica  in  varying  proportions,  with  indications  of  a  magnesian 
mineral.  Perhaps  it  is  parophitic.  It  seems  to  form  essentially  the 
groundmass  of  what  I  have  called  porphyrel,  and  for  the  sake  of 
4inderstanding  myself,  I  will  hereafter  call  this  porphf^rellyte. 

This  rock  I  think  generally  nearly  destitute  of  free  quartz,  but 
sometimes  I  am  sure  quartz  grains  are  present.  When  they  give  a 
marked  hardness  to  the  rock,  or  when  a  fine  siliceous  constituent  causes 
the  rock  to  abrade  steel,  it  may  be  qualified  as  siliceous  porphyrellyte. 
If  argillaceous  matter  is  also  present,  resulting  in  a  moderate  hard- 
ness, though  free  quartz  be  present,  the  rock  may  be  characterized  as 
a  graywackenitic  porphyreUyte. 

Rock  954.     PorphyreUyte  from  N.  W.  i,  S.  E.  i,  sec.  12,  65-7. 

Rock  955.  Slaty  porphyreUyte.  (Slatiness  not  much  seen  in  this 
specimen.) 

S.  W.  i,  N.  W.  i.  sec.  7,  T.  65-6.  A  stupendous  vertical  clifiF  (956) 
at  the  lake  front  of  a  hill  composed  of  what  I  have  designated  silice- 
ous porphyreUyte. 

N.  W.  i,  N.  W.  i,  sec.  7,  T.  65-6.  This  point  is  composed  of  rock 
very  similar  to  rock  954;  but  with  somewhat  the  aspect  also  of  the 
purodyte  of  Vermilion  lake. 

Rock  550.    Poroditic  porphyreUyte  (provisionally). 

N.  W.  \,  N.  W.  i,  sec.  7,  T.  65-6.  A  good  typical  outcrop  of  the 
so-called  porphyreUyte.     Rock  957. 

At  this  place  I  find  fragments  lefc  by  some  other  person,  of  a  con- 
glomerate possessing  interest.  The  groundmass  is  a  siliceous  porphy- 
rel, but  the  rock  holds  also  rounded  pebbles  of  a  very  dark  color,  ap- 
parently amorphous  hornblende,  and  also  pebbles  of  dark  fine  diabase 
Yet  the  rock  is  not  Stuntz  conglomerate  as  seen  in  this  region.  It  is, 
however,  similar  to  Stuntz  conglomerate  seen  on  islands  in  Vermilion 
lake. 

Rock  958.     Conglomeritic  porphyrel. 

N.  E.  i,  N.  W.  i,  sec.  7,  T.  65-6.  On  the  northeastern  shore  of  a 
small  bay  setting  from  Knife  lake.  First  Arm.  The  land  rises  steeply 
to  the  hight  of  seventy-five  and  one  hundred  feet,  and  presents  near 
the  summit,  as  seen  from  the  water  two  or  three  abrupt  precipices.  At 
the  base  of  the  hill,  the  formation  is  porphyreUyte  (Rock  959).  After 
au  ascent  of  about  40  feet,  gabbro  is  seen,  quite  characteristic,  in 
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places  carrying  magnetic  iron  ore.  It  has  a  vertical  thickness  of  at 
least  60  feet.  At  the  summit  I  was  able  to  trace  an  abrupt  break 
between  the  gabbro  and  the  porphyrelly  te.  The  line  of  junction  traced 
on  the  surface,  is  shown  on  the  following  diagram: 


Fig.  21.     Junction  between  gabbro  and  porphyrellyte,  Knife  lake. 

The  gabbro  along  the  line  of  junction  is  magnetic;  the  porphyrel- 
lyte, flinty. 

The  relations  here  existing  seem  to  indicate  that  the  gabbro  is  au 
overflow  over  an  old,  already  denuded  surface. 
Rock  959.     Porphyrellyte  from  base  of  hill. 

Gabbro  with  magnetite. 
Flinty  porphyrellyte,  in  contact  with  gabbro. 
Magnetitic  gabbro  in  contact  with  porphyrellyte. 
Gabbro  of  prevailing  character. 
About  twelve  feet  north  of  this  line  of  junction,  I  find  another. 
The  porphyrellyte  is  the  same  mass  as  the  other.     The  line  trends 
'  differently;   but  this  depends  undoubtedly  on  the  configuration  of  the 
porphyrellyte  surface. 


Rock  960. 
Rock  961. 
Rock  962. 
Rock  963. 


Fig.  22.    Another  junction  beticeen  gabbro  and  porphyrellyte,  Knife  lake. 
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I  find  other  lines  of  junction  in  exploring  the  aammit  of  the  hill 
northward.  All  the  junotions  are  irregular  whether  traced  vertically 
or  horizontally.  No  appearance  of  a  dike-form  ia  seen.  It  is  as  if 
there  had  been  a  rough  and  irregularly  rounded  surface  over  which 
the  gabbro  [had  flowed.  My  conception  of  the  relative  positions  of 
the  gabbro  and  skte  is  represented  by  the  following  diagram : 


Fig.  23.  Relation  of  the  gabbro  and  strata  at  N.  W.  i,  sec  7,  T.  65-6 
W. ,  Knife  lake.     Section  east  and  west. 

Continued  my  observations  in  the  contiguous  hill  still  farther  north- 
ward, and  found  the  two  formations  alternating  with  a  kind  of  irreg- 
ularity entirely  suggestive  of  the  explanation  embodied  in  the  above 
diagram. 

Extended  the  examination  to  the  northern  and  highest  hill.  This 
mass  is  all  porphyrellyte,  in  most  parts  somewhat  slaty.  It  presents 
on  the  westward  facing  cliff,  a  rude  columnar  appearance. 

It  is  not  apparent  why  the  gabbro  should  remain  just  here,  and  not 
be  known  on  other  parts  of  Knife  lake  so  far  examined— for  I  have 
seen  nearly  all  the  Minnesota  shores  of  the  lake.  Of  course,  this  ap- 
parent absence  may  result  from  insufficient  investigation.  It  is  also, 
an  interesting  question,  why  here,  the  highest  summit  is  not  covered, 
while  the  two  lower  ones  are  partially  covered.  Has  the  gabbro  been 
denuded?  or  was  this  latitude  above  the  level  of  the  flow? 

N.  E.  i,  S.  W.  i,  sec  6.  T.  65-6.  Porphyrellyte  like  550  and  957  S, 
somewhat  poroditic  in  aspect.     Rock  551. 
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Portage  eastward  out  of  Knife  lake.  N.  E.  i,  S.  W.  i,  sec.  32.  T, 
66-6.    Porphyrellyte— 652. 

S.  E.  cor.  sec.  31,  as  of  Minn.,  Canada.  Siliceous  slate,  standing 
vertically,  with  sedimentary  structure  corresponding. 

Coursed  along  the  entire  Canadian  shore  of  this  (First)  arm   of 

Knife  lake. 

S.  E.  part  of  sec.  1,  T.  65-7,  as  of  Minnesota.  Porphyrellyte. 
Found  along  this  Canadian  shore  nothing  but  siliceous  slate  and  por- 
phyrellyte in  conditions  more  or  less  slaty. 

At  Bear  narrows,  the  western  entrance  to  Arm  I,  a  line  of  rounded 
detached  rock-masses  extends  across  the  strait.  Geologically  speaking 
it  is  not  long  since  there  existed  here  a  continuous  rock  barrier,  with 
only  a  cut  for  the  drainage.  Arm  I  was  then  a  separate  lake»  and 
may  have  stood  at  a  higher  level.  There  were  rapids  then,  connect- 
ing with  the  main  lake. 

Body  of  Knife  lake. 

From  Bear  narrows  pursued  the  windings  of  the  north  or  Canadian 
shore  of  the  main  lake,  and  laid  them  on  a  township  plat.  I  thought 
perhaps  this  shore  would  extend  to  the  crystalline  schists;  but  it  does 
not. 

At  the  most  northern  point  of  Knife  lake,  Canada,  the  formation  is 
gray,  semi-argillaceous  slate  (964),  distinctly  but  irregularly  bedded 

Slates  varying  from  gray  to  dark,  extend  along  the  whole  Canadian 
shore  of  the  body  of  Knife  lake.  They  rise  in  rounded  hills  from  100 
to  200  feet  in  bight,  presenting  some  deep  intervening  gorges  and 
percipitous  escarpments  facing  the  lake.  They  are  partly  covered  by 
small  spruce  and  Norway  pines,  which  have  generally  escaped  the 
destructive  burnings  of  the  Minnesota  side.  The  shore  line  is  deeply 
and  irregulary  indented  by  bays,  and  cut  by  lofty  and  massive  head- 
lands and  promontories  stretching  from  a  third  to  half  a  mile  into 
the  body  of  the  lake. 

S.  E.  i,  S.  E.  i,  sec.  21,  T.  65-7.  Knife  lake  promontory,  west  end. 
This  is  a  bold  and  conspicuous  head-land,  as  seen  from  the  western 
part  of  the  lake  in  sections  21,  28  and  29.  It  is  narrowly  connected 
with  main-land  at  the  eastern  extremity  where  we  made  a  portage 
from  the  Fourth  to  the  Third  Arm.  Its  main  inass  is  150  to  200  feet 
high  and  has  been  denuded  by  fire. 

I  first  examined  the  second  point  from  the  north  on  the  weathered 
face  of  the  promontory.    To  my  surpiise,  the  rock  found  here  is  i^ab- 
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bro  (963).     It  rises  up  from  beneath  the  water-level^  and  continues 
uninterruptedly  to  the  summit. 

North  of  this  rises  a  higher  hill,  with  an  escarpment  also  facing 
west.  Between  the  two  is  a  depression.  I  walked  across  to  the  high 
hill.  At  the  commencement  of  the  slope  I  found  a  greenish  gabbro- 
slate  (966)  with  grains  of  quartz-like  hardness  (olivine?) 

To  this  succeeds  a  highly  olivinitic  (?)granular  rock  967,  consisting 
of  rounded  glassy  olivine  (?)  grains  imbedded  in  a  gray-feldspathic 
matrix,  breaking  irregularly,  and  presenting  on  the  fresh  surface, 
many  reflecting  surfaces,  and  only  partially  a  gabbrolitic  aspect. 

Quite  at  the  summit  of  this  northern  hill,  the  rock  is  a  coarse- 
grained greenstone  (968).  In  tracing  it  eastward,  however,  along  the 
promontory,  it  soon  passes  to  gabbro  again. 

I  find  the  surface  presenting  a  succession  of  imbricating  beds,  about 
twenty  inches  thick,  dipping  northward  at  a  low  angle  as  shown 
below: 


Fig.  24    Imbricating  beds  of  gabbro,  summit  of  Knife  lake  promontory. 

Dipping  northward. 

This  feature  suggests  a  succession  of  overflows  from  the  south. 
Th'e  phenomenon  is  identical  with  that  seen  on  the  summit  of  a  high 
head -land  in  lake  Gabimichigama.     See  Halt  840,  p.  171,  Rep.  1886. 

Within  half  a  mile,  I  find  gabbro  with  considerable  magnetite. 
The  rock  also  changes  to  a  variety  with  a  large  proportion  of  white 
feldspar. 

Rock  969.     Magnetitic  gabbro.  Knife  lake  promontory. 

Rock  970.  Gabbro  with  white  feldspar,  Knife  lake  promontory. 
Here  is  a  bluflF  of  gabbro  facing  east,  and  a  lower  level  of  the  pro- 
montory. I  presume  this  is  the  place  where  the  gabbro  ends  eastward; 
hut  I  did  not  go  down  to  the  brush-covered  level  below. 

Gabbro  continues  from  the  summit  of  the  highest  bluff  down  to  the 
water's  slope  and  below. 

Rock  971.     Gabbro  from  base  of  nortb  bluflF. 

Rock  972.     Purplish  gabbro  with  much  glassy  olivine. 

Took  photograph  of  this  promontory  from  a  spot  on  the  Canadian 
shore. 
27 
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At  the  portage  out  of  Knife  lake,  northward  is  a  siliceous  schist 
of  dark  color,  almost  pure  flint.  Rock  973.  See  further  under  Pseudo' 
messer. 

§  7. — OTTERTBACK  AND  OAK  LAKES. 

Ottertrack  lake  lies  wholly  in  T.  66,  R.  6,  W.  It  stretches  fronr 
the  southwest  quarter  of  sec.  32  to  the  western  boundary  of  sec.  24^ 
with  an  average  width  of- a  quarter  of  a  mile.  The  timber  has  been 
completely  burned  on  the  Minnesota  side,  but  remains  flourishing  on 
the  Canadian  side.  Both  shores  are  walled  in  by  massiye  hills  of  ar- 
gillitic  and  graywackenitic  slates  intersected  by  numerous  dikes  of 
diabase.  These  hills  attain  elevations  up  to  200  feet  and  on  the  north 
shore  present  in  places  lofty  vertical  precipices,  especially  at  the  east- 
ern extremity.  Oak  lake,  so  named  from  a  few  small  oak  trees  at  the 
eastern  extremity,  is  about  half  a  mile  in  length  and  lies  wholly  in 
sec.  24,  T.  66-6.  The  soil-covered  and  arable  areas  near  the  shores  of 
these  lakes  are  very  limited  in  extent,  and  in  the  absence  of  timber  the 
region  presents  few  inducements  to  settlement. 

N.  E.  i,  sec.  30,  T.  66-6,  (as  of  Minn.).  North  shore  Ottertrack 
lake.  Gray  wacke^a  grand  clifi^  fifty  feet  perpendicular,  with  a  talu3 
slope  of  thirty  feet. 

Rock  553.    Fine  textured  graywacke. 

N.  E.  i,  N.  E.  i,  sec.  32,  T.  66-6,  (as  of  .Minn.).  A  mass  of  dia- 
base (554). 

Same  sixteenth  as  the  last.  Graywacke  again  (555),  but  with  a 
slightly  slaty  aspect. 

S.  W.  i,  S.  W.  i,  sec.  28,  (as  of  Minnesota).    Canadian  shore. 

Rock  with  the  aspect  of  graywacke,  but  when  broken,  feldspar  crys- 
tals and  grains  are  seen  emerging  from  afeldspathic,  chloritic  ground- 
mass,  and  glassy  crystals  of  quartz  are  scattered  here  and  there. 

Rock  556.    Chlorite  gneiss,  Ottertrack  lake. 

N.  W.  i,  sec.  33,  T.  66-6,  Minnesota.  Graywacke  with  clear 
small  grains  of  glassy  quartz  disseminated. 

Rock  557.     Graywacke,  Ottertrack  lake. 

S.  E.  i.  sec.  28,  T.  66-6,  Minnesota.  Tough,  slaty  argillyte  (558), 
in  places  graywackenitic. 

Near  centre  sec.  27,  T.  66-7.  Lofty  cliff  of  dark,  fine  graywacke— 
rock  559.  ^ 

N.  E.  i,  sec.  27,  T.  66-6.  A  presq'ile  formed  by  a  hill  about  100 
feet  high.    The  rock  is  still  graywacke. 

S.  W.  J,  sec.  23,  as  of  Minnesota.     Graywacke  (569),  with  heavy 
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beds  dipping  N.  aboat  40'';  but  these  do  not  appear  sedimentary,  and 
I  do  not  find  indications  of  sedimentary  structure  over  any  part  of  the 
cliff. 

Much  of  the  rock  in  this  vicinity  is  massive  slaty,  and  the  hills  rise 
125  to  150  feet  above  the  lake. 

S.  E.  i  sec.  23,  T.  66-6.  Siliceous  argillyte  (561).  These  exposures 
are  so  lichen-covered  that  bedding  features  are  concealed.  Opposite 
this  point  is  an  imposing  precipice  150  feet  high. 

N.  W.  i,  sec.  24,  T.  66-6,  as  of  Minnesota.  Siliceous  argillyte  like 
last,  but  sedimentary  bedding  is  distinct  (56:2),  standing  vertical  and 
much  warped. 

On  portage  from  Ottertrack  to  Oak  lake.  A  ridge  formed  of  rock 
with  weathered  surfaces  strewn  with  white  grains  which  prove  to  be 
crystals  and  fragments  of  feldspar,  and  Home  grains  of  flinty  quartz. 
The  groundmass  is  graywackenitic,  with  traces  of  slaty  structure. 

Rock  563.    Porphyroid  gray  wacke. 

The  portage  is  a  third  of  a  mile  long  and  rough,  ending  in  a  swamp. 

N.  E.  i,  sec.  24,  T.  66-6.    Oak  lake.     Qraywacke,  fine  and  gray. 

N.  E.  i,  sec.  24,  T.  66-6.    East  end  of  Oak  lake. 

Compact  mass  of  grains  of  feldspar  and  glassy  quartz  in  an  imper- 
fect groundmass 'of  feldspathic  character.  In  places  a  vertical  bed- 
ding is  visible. 

Rock  564.    Compact  granulyte. 

The  route  from  Ottertrack  to  Saganaga  lakes  illustrates  well  a  pas- 
sage from  argillyte  and  gray  wacke  to  gniess  and  syenite.  We  pass  no 
transition  from  distinctly  bedded  to  distinctly  massive  rocks.  The 
bedding  becomes  obscure  in  the  graywacke  and  the  rock  soon  reveals 
itself  as  a  groundmass  in  which  emerge  into  view  first  obscurely  and. 
then  distinctly,  crystals  and  crystal  fragments  of  feldspar.  The  rock 
is  porphyritic,  but  the  bedded  structure  is  so  evident  that  I  distinguish 
it  as  porphyrel.  Almost  simultaneously  individuals  of  quartz  rise  into 
view  and  we  have  a  quartzitic  porphyrel,  or,  with  little  groundmass,  a 
granulyte.  A  little  further  on  in  this  series  of  changes  a  chloritic 
constituent  becomes  apparent;  and,  still  further  this  is  seen  to  be  but 
an  altered  hornblende,  and  the  quartzitic  porphyrel  has  become  a  real 
syenitic  gneiss.  The  bedding  of  the  gneiss  is  demonstrably  the  pro- 
longation of  the  porphyrel,  the  graywacke  and  the  argillyte. 

§  8.      LAKE  SAGANAGA. 

Lake  Saganaga  is  in  many  ways  interesting.  It  carries  the  boun- 
dary of  the  state  farther  north  than  at  any  other  point  east  of  the 
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thirteenth  range  west — the  boundary  passing  throagh  the  southern 
part  of  T.  67-4.  The  lake  itself  reaches  into  T.  68-4— if  we  extend 
into  Canadian  territory  the  United  States  system  of  geographical  des- 
criptions. With  this  understanding  we  may  say  the  body  of  the  lake 
stretches  from  the  middle  of  T.  66  into  the  southern  tier  of  sections 
of  T.  68.  But  there  are  three  southward  stretching  Arms  of  which 
i;he  small  westerly  Arm  reaches  sec.  24,  T.  66-6,  the  long  middle  Arm 
Teaches  Red  Rock  lake  in  sec  28,  T.  66-5,  and  the  easterly  Arm  reaches 
sec.  31,  T.  66-4.  In  dimension  from  east  to  west  this  lake  extends 
from  sec.  24,  T.  66-6  into  sec.  23,  T.  67-4,  as  nearly  as  I  could  estim- 
;ate.  This  makes  the  extreme  length  of  the  lake  from  north  to  south 
of  about  twelve  miles,  and  an  extreme  breadth  from  east  to  west  of 
about  eleven  miles. 

It  must  be  explained,  however,  that  locations  extending  into  Can- 
adian terdtory  can  only  be  regarded  as  rough  estimates.  As  the  Can- 
adian territory  has  not  been  surveyed  and  platted,  as  far  I  am  in- 
formed, the  distances  and  configurations  of  the  Canadian  shores  were 
laid  down  from  the  canoe  by  estimation  while  coasting  along  A 
good  pocket  compass  was  always  in  hand,  and  bearings  were  taken  of 
salient  points  from  each  other.  Such  methods  are  of  course,  undesir- 
able; but  it  seemed  important  to  obtain  as  good  a  map  as  possible  of 
•certain  parts  of  the  lake. 

Another  interesting  feature  of  this  lake  is  its  labyrinth  of  granitic 
islands  and  the  intricacies  of  its  deep  winding  bays  and  channels.  A 
trough  measurement  of  the  shore-lines  bordering  Minnesota  gives  48 
miles.  A  similar  measurement  of  Canadian  shores  traversed  and 
platted  gives  33  miles.  Through  T.  67-5  and  66-5,  the  Canadian  shore 
not  meandered,  would  amount  to  perhaps  15  miles.  This  would  give  a 
total  shore  line  of  nearly  100  miles,  without  reaching  the  island  shores. 

The  country  bord^ering  the  shores  presents  a  succession  of  rounded 
hills  rising  to  hights  of  100  to  200  and  300  feet.  The  timber  on  the 
Minnesota  side  is  mostly  burned.  What  remains  consists  of  spruce 
and  Jack  pines,  with  patches  of  poplar  and  white  birch.  Tamarack 
is  also  found  in  the  swamps.  The  features  of  the  country  are  carved 
out  on  a  broad,  bold  scale  The  landscape  is  striking  and  abundant 
in  scenic  interest;  but  it  is  dreary  and  inhospitable. 

The  lake  rests  mainly  in  the  indentatations  and  undulations  of  a 
syenitic  surface.  The  Minnesota  shores  are  all  syenitic,  except  the 
most  southern  prolongations  of  the  great  central  and  eastern  Arms, 
which  attain  the  region  of  schists  bordering  the  great  syenitic  mass. 
On  the  southwest  is  found  a  noteworthy  conglomerate;  and  on  a  Cana- 
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dian  island  near  the  eastern  shore,  a  similar  conglomerate.  My  ex- 
ploration shows  that  most  of  the  north  shore  borders  on  an  area  of' 
earthj  schists  apparently  of  the  same  age  and  nature  as  those  near 
Vermilion  lake.  The  indications  point  to  a  continuation  of  these 
schists  along  the  northwest  shore,  through  Towns  67-5  and  66-5^ 
Professor  Irviag  reports  schists  also  on  the  eastern  side;  but  though  I 
saw  most  of  the  eastern  side  I  did  not  observe  them. 

The  course  of  the  observations  through  lake  Saganaga  begins  at  th(^ 
southwestern  extremity  on  the  boundary,  and  proceeds  eastward  along 
the  windings  of  the  three  southward  bays  to  the  portages  or  rapids 
into  the  adjacent  lakes — Red  Rock  and  Sea  Gull,  including  Sea  GuIL 
riyer  (so-called)  and  continues  to  the  rapids  out  of  Granite  l^ke. 
From  here,  the  whole  Canadian  shore  is  meandered  through  T.  67-4  (as 
of  Minnesota)  into  T.  68-4,  as  I  estimate,  aud  thence  about  as  far  as 
sec.  10,  T.  67-5  (as  of  Minnesota).  The  Canadian  shore  from  here  to 
the  place  of  beginning  was  not  visited. 

The  most  intricate  and  interesting  portion  of  the  body  of  the  lake 
is  mapped  on  .the  following  page,  and  the  halt  numbers  within  that 
limit  are  expressed  on  the  map. 

The  formation  at  the  entrance  of  Saganaga  lake  is  similar  to  that 
near  Oak  lake,  but  here  it  weathers  red.  It  is  essentially  a  compact 
granulyte  (565). 

S.  E.  i,  sec.  24,  T.  66-6.     In  the  small  southward  Arm. 

Here  the  formation  is  mostly  argillyte,  striking  in  the  unusual  Sirec- 
tion  of  N.  34^  W. ,  standing  vertical,  and  alternating  with  beds  of 
gray wacke,  very  fine,  sometimes  aphanitic,  and  everywhere  feldspathic 
This  is  evidently  a  prolongation  of  the  rock  on  Oak   lake  at  sec.  24, 
66-6. 

Rock  566.     Argillyte,  quite  characteristic. 

Rock  567.     Graywacke,  interstratified  with  566. 

S.  E.  i,  sec.  24.  Extremity  of  bay.  Porphyroid  gray  wacke  (568) 
like  No.  563,  on  Oak  lake. 

Along  the  shore  southeast  of  this  bay,  the  rocks  are  very  distinctly 
slaty,  standing  nearly  vertical. 

N.  E.  i,  sec.  24,  T.  66-6,  on  town  line.  Blueberry  island.  This  is 
a  quarter  of  a  mile  east  of  the  termination  of  the  portage.  The 
granulyte  of  Oak  lake  (Nos.  564  aud  565)  assumes  a  very  quartzose  con- 
dition  (569) — the  grains  of  quartz  at  least  two-thirds  of  the  whole 
mass. 

It  will  be  interesting  to  note  that  from  the  region  as  far  as  the 
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Saganaga  syenite  is  traced,  large  grains  of  quartz  constitute  a  distinct- 
ive character. 

N.  W.  i,  S.  W.  i,  sec.  19,  T.  66-5.  Chlorite  syenite  (570).  The 
j;rains  of  quartz  aro  large,  angular  and  numerous,  and  on  weathered 
surfaces  stand  out  prominently.  The  feldspar  exists  in  sub-angular 
patches^  imbedded  with  the  quartz  in  a  groundmass  which  is  mostly 
chloritic,  and  in  places  develops  chlorite  spots,  while  in  other  places, 
hornblende  forms  emerge  into  visibility.  So,  apparently,  a  syenite 
either  appears  or  disappears.  These  characters  I  have  learned  to  recog- 
nize as  the  borderland  between  schistic  and  gneissic  areas. 

Centre  of  sec.  19,  T.  66-5.  Chlorite  syenite  like  the  last.  This  rock 
here  differs  from  the  chlorite  gneiss  of  Pipestone  rapids,  in  having  the 
Kiuartz  gathered  in  crystalline  aggregates. 

S.  W.  i,  S.  E.  i,  sec.  18,  T.  66-5.  Chlorite  syenite,  but  with  quartz 
•crystals  still  larger  (571).  Here  also  are  associated  hornblende  ap- 
pearances. 

S.  E.  i,  S.  E.  i,  sec.  18,  T.  66-5.  Chlorite  syenite,  with  quartz 
weathering  very  conspicuous. 

N.  E.  i,  S.  E.  i,  sec.  18,  T.  66-5  Here  the  rock  presents  a  fairly 
well  developed  hornblende  (572).  The  isolated  individuals  of  quartz 
are  about  one- third  of  the  mass;  and  there  are  two  varieties  of  feld- 
spar— a  pale,  lemon-colored  and  a  more  abundant  pinkish — the  latter 
not  well  isolated. 

Ceptre  of  sec.  17,  T.  66-6.    Syenite  like  last. 

For  the  space  of  a  mile  along  the  direct  coast  from  here  no  outcrops 
are  observed. 

N.  W.  i,  S.  E.  i,  sec.  9,  T.  66-5.  Syenite,  the  individual  minerals 
sill  haitdsomely  isolated— the  quartz  grains  glassy  and  much  the  larg- 

«st.     Rock  573. 

* 

Great  Middle  Ann,  Saganaga  lake. 

Centre  of  sec.  10,  T.  66-5.  This  position  faces  the  greatest  body  of 
the  water.  Here  is  an  expanse  of  water  looking  northeastward,  esti- 
mated at  six  miles  in  breadth.  This  is  at  the  mouth  of  the  great  mid- 
dle Arm  of  the  lake,  which  from  here  has  a  general  direction  south- 
ward and  southwestward.  The  formation  is  syenite,  mostly  porphyrit- 
ically  quartzose  as  before;  but  I  find  some  portions  with  all  the  con- 
stituents fine. 

Rock  574.     Fine  grained  syenite  as  above. 

S.  E.  i,  N.  E  i,  sec.  15,  T.  66-5.     Syenite,  still  porphyritically 
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-quarizose.     Blotches  two  or  three  inches  in  diameter  have  undergone 
a  ferruginization. 

This  point  is  over  a  mile  from  1177,  the  centre  of  sec.  10,  '66-5,  but 
several  examinations  of  the  rocks  have  been  made,  to  find  a  continu- 
ous shore-line  of  syenite.  Near  this  locality  the  sound  of  a  cascade 
is  heard  in  the  stream  coming  in  from  the  small  lake  in  sees.  20 
and  21. 

S.  W.  i,  S.  E  i,  sec.  15,  T.  66-5.  Syenite  with  large  angular 
grains  of  quartz. 

S.  W.  i,  N  E.  i,  sec.  22,  T.  66-5.     Syenite  exactly  as  heretofore. 

Centre  S.  W.  i,  sec.  22,  T.  66-5.  Syenite  as  before.  It  does  not 
present  a  red  appearance  along  the  shores  because  lichen -covered. 

Rock  575.     Saganaga  syenite. 

N.  E.  i,  N.  E.  i,  sec.  28,  T.  66-5.    Syenite  as  before. 

This  Arm  is  indented  by  constantly  occurring  deep  and  sinuous  bays 
and  is  studded  with  low  syenite  islands. 

S.  E.  i,  N.  W.  i,  sec.  14,  T.  66-5.  Island  near  mouth  of  middle 
Arm.  A  singular  rock  in  an  unexpected  situation.  From  the  water, 
on  tbe  east  side  of  the  island,  white  quartz  is  seen  in  considerable 
.abundance.  On  examination  I  find  some  veins  one  or  two  inches 
in  diametef;  but  most  of  the  quartz  results  from  the  excessive 
abundance  of  the  usual  quartz  grains.  These  are  very  unevenly  dis- 
seminated— sometimes  aggregated,  and  in  places,  nearly  wanting.  The 
rock  itself  is  not,  of  course,  a  characteristic  syenite.  All  hornblende 
has  disappeared.  A  feldspathic  matrix  remains,  with  some  green 
specks  and  spots,  and  the  quartz  is  imbedded  in  it.  Some  of  the 
broken  surfaces  of  the  rock  have  a  sericitic  lustre.  The  formation,  on 
the  whole,  appear.^  roughly  bedded,  with  a  dip  of  63^  toward  S.^0°  W. 
But  this  dip  is  not  persistent.  In  places,  the  rough  beds  stand  on  edge 
— ^yet  even  here  I  suspect  these  are  jointed  prisms,  since  the  southwest 
bedding  can  still,  in  some  cases,  'be  detected.  The  edges  of  the  out- 
cropping layers  are  a  mass  of  small,  lenticular  parts  packed  closely 
together,  and  weathering  exceedingly  rough.  This  sort  of  rock  ex- 
tends along  the  east  side  of  the  island  for  eight  or  ten  rods. 

Rock  835.     Quartz  from  island  as  above. 

Rock^836.     Samples  of  the  formation. 
b..Rocki837.    Samples  eight  rods  further  north. 

North  end  of  the  island.  I  considered  it  necessary  to  trace  this  pe- 
culiar formation  further.  At  the  north  end  of  the  island,  the  appear- 
ance is  similar.     The  surface  has  a  peculiarly  brecciated  aspect. 

Rock  838.     Sample  from  north  end  of  the  island. 
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Rock  839.    Sample  showing  the  weathered  surface. 

Rock  840.     A  rounded  mass  included  in  the  rock. 

By  degrees,  in  approaching  the  northwest  angle  of  the  island,  we 
find  a  condition  of  the  rock  (841)  in  which  the  feldspar  weathers 
reddish. 

To  some  extent  now  the  formation  is  a  granulyte.  There  is  no  other 
exposure  on  this  island. 

Little  island  one  quarter  mile  southwest  of  last.  The  rock  is  ordiu-^ 
ary  syenite. 

Point  of  main  land  east  side.     K.  W.  i,  S  £.  i,  sec.  14,  T.  66*5. 

Looks  like  ordinary  syenite  of  the  regiou.  The  quartz  grains  are- 
rather  large.  The  principal  feldspar  is  reddish,  and  there  is  also  a 
little  whitish.  The  dark  mineral  is  a  dark  greenish  yiridite  with  light 
green  streak. 

Rock  842.    Viriditic  syenite. 

S.  W.  i,  S.  W.  i,  sec.  31,  T.  66-4.  North  end  of  portage  from  Sea- 
gull to  Saganaga  lake.  Syenite,  unlike  that  at  the  south  end  of  the 
portage.  (See  Seagull  lake,  rock  608).  It  contains  small  hornblende 
individuals. 

S.  W.  i,  sec.  30,  T.  66-4.     Island  in  so-called  Seagull  riyer. 

The  syenite  here  contains  a  predominance  of  small  quartz  grains, 
and  somewhat  sparsely  scattered  kernels  of  very  large  size — up  to 
five-sixteenths,  and  rarely,  half  an  inch  in  diameter. 

N.  W.  i,  sec.  19,  T.  66-4.    Saganaga  syenite— 609. 

This  so-called  river  is  little  other  than  a  long  irregular  narrow  bay 
setting  southward  from  Saganaga  lake.  Still,  it  is  somewhat  more 
than  that  since  a  gentle  flow  of  water  sets  southward  and  at  the  nar- 
rows a  quarter  of  a  mile  further  south,  we  find  gentle  rapids.  The 
shores  are  very  continuously  hemmed  in  by  rounded  hills  of  Saganaga 
syenite. 

S.  W.  i,  i\.  W.  i,  sec.  17.  T.  66-4/  At  the  termination  of  so-called 
Seagull  river.  The  last  narrows  half  a  mile  south  of  here  are  set 
down  as  *'Caribou  narrows."  Saganaga  syenite  (frlO)  continues,  but 
here  with  an  increase  of  hornblende.     The  red  feldspar  is  well  isolated. 

Near  centre  of  sec.  8,  T.  66-4  Syenite  without  coarse  quartz, 
though  the  prevailing  character  along  this  shore  is  otherwise.  This 
formation  contains  rounded  pebbles  of  another  variety  of  syenite 
composed  mostly  of  hornblende  (perhaps  augite)  and  small  dissemin- 
ated quartz  grains  and  little  feldspar. 

Rock  611.    Syenite  with  pebbles. 
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Body  of  the  lake  (Saganaga). 

S.  £.  i.  sec.  5«  T.  66-4.  Saganaga  syenite  (coarse  quartz)  and  also 
containing  rounded  pebbles  of  dark  hornblende  syenite  as  before. 

Rock  612.     Syenite  with  pebbles,  as  above. 

N.  £.  i,  sec.  4,  T.  66-4.  Island.  Saganaga  syenite,  still  with  dark 
rounded  pebbles. 

In  reference  to  the  occurrence  of  water-worn  pebbles  in  the  syenite, 
compare  especially  Rocks  599-607  in  Seagull  lake,  and  Rocks  616-624 
in  Saganaga  lake. 

Syenite  hills  rise  on  every  hand  in  all  this  region.  The  island  in  T. 
67*4,  Minnesota^  consists  of  low  syenite  protuberances  mostly  not  over 
30  to  50  feet  high,  but  others  reach  150  feet. 

iiapids  out.  of  Granite  lake,  Saganaga  syenite  (613).  The  quartz 
kernels  are  up  to  half  an  inch  and  more  in  diameter. 

The  rapids  seem  to  be  incorrectly  located  on  the  plat.  They  come 
in  at  the  south  extremity  of  the  little  bay,  and  not  on  the  east  of  the 
bay.  They  form  a  pleasing-  view,  and  I  took  a  successful  negative 
of  the  scene. 

Determined  to  make  an  examination  of  the  Canadian  shore,  I 
sketched  in  as  well  as  I  could  the  configuration  of  the  laud  on  the 
same  scale  as  the  American  township  plats. 

NoTB. — ^The  localities  ft  which  rock  samples  were  collected,  indicated  on  the 
map  of  Saganaga  lake  by  the  original  *-*haIt"  numbers,  correspond  to  the  rock 
numbers  as  follows : 

1218  is  the  locality  for  rock  613.  1231  is  the  locality  for  rock  633. 

1219  " 

1220  •• 
1222        '< 

1224  " 

1225  *' 

1226  ••   - 
1228  *• 

[N.  H.  W.] 

Near  centre  of  sec.  84,  T.  67-4,  (as  of  Minn.).  A  little  island 
which  from  the  surprising  character  of  its  geology  I  named  Wonder 
Island.  It  is  northwest  of  a  smaller  island,  and  northeast  of  an  island 
rock. 

Saganaga  syenite.  Rock  614.  Kernels  of  quartz  up  to  half  an 
inch  in  diameter.  Hornblende  greeniah-black,  well  isolated.  Feld- 
spar reddish   and  abundant.      The    formation    contains  occasional 
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614. 

1234 

634-638. 

615-624. 

1235 

639. 

626-626. 

1239 

640. 

627. 

1210 

*  *        • 

641. 

628. 

1241 

643. 

629. 

1242 

643-4. 

630-632. 
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Fig.  25.— Map  of  the  principal  portion  of  Saganaga  lake. 
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dark  roanded  pebbles,  as  before.     This  is  at  the  south  end  of  Mie 
island. 

North  end  of  Wonder  I.  near  centre  of  sec.  34,  T.  67-4,  (as  of 
Minn.).  Here  is  a  real  conglomerate.  Well  rounded  pebbles  are 
crowded  together  as  in  the  Ogishke  conglomerate,  and  the  general 
appearance  is  entirely  like  that  of  the  Ogishke.  Bui;  there  is  an  im- 
portant difference.  The  groundmass  of  the  Ogishke  is  fragmental, 
though  often  highly  altered.  That  of  this  conglomerate  is  regular 
syenite.  A  real  conglomerate  of  rounded  pebbles  imbedded  in  a 
groundmass  of  typical  syenite  is  certainly  an  extraordinary  occur 
rence.  I  have  never  seen  it  before.  I  have  never  read  of  it.  But  if 
the  thing  is  a  fact,probably  this  is  not  the  only  place  where  it  has  been 
observed. 

I  copy  here  the  suggestions  made  to  my  mind,  and  written  ifig^n  on 
the  spot: — The  inferences  from  the  occurrence  are  important.  A 
puddingstone  like  this  is  universally  regarded  as  of  fragmental  origin. 
Not  only  that,  but  of  origin  through  aqueous  agency.  The  conglom- 
erates associated  with  eruptive  sheets  on  Keweenaw  Point,  once  sug- 
gested to  be  of  igneous  production,  are  now  regarded  as  due  to  aqueous 
agency.  So,  if  this  conglomerate  is  sedimentary  in  nature,  the  syenite 
groundmass  must,  at  the  time  of  the  deposition  of  the  pebbles,  have 
been  also,  in  a  state  of  semi-fluidity  under  the  influence  of  water. 
It  may  have  been  subjected  simultaneously  to  energetic  thermal  action; 
but  it  was  not  in  that  state  of  fluidity  which  accompanies,  and  results 
from,  recent  eruption  as  molten  matter  from  some  deep  source.  This 
view  of  the  origin  of  granitic  rocks,  I  have  heretofore  maintained; 
and  this  remarkable  observation  is  a  gratifying  confirmation  of  the 
correctness  of  the  opinion. 

The  conglomerate  is  seen  on  the  shore  in  two  patches  separated  by 
a  few  feet  of  syenite,  and  with  syenite  on  the  other  two  sides.  These 
patches  emerge  from  beneath  the  water,  ami  in  the  space  of  six  feet, 
pass  under  the  soil  of  the  island  In  one  case,  the  conglomerate  pre- 
sents a  thin  edge  landward,  overlying  syenite,  as  if  it  had  been  a  sheet 
(lipping  northward  at  a  low  angle.  But  I  do  not  consider  this  inci- 
dent important;  since  I  imagine  that  beds  of  pebbles  may  have  been 
placed  in  any  position  whatever,  in  the  progress  of  these  movements 
which  brought  water-worn  pebbles  and  real  syenite  in  such  extraor- 
dinarj'  juxtaposition. 

The  following  is  a  general  plan  of  the  phenomenon : 


BIXTIXHTS  iSSVAL  BBPORT 


Fig.  86. 


-Relationa  of  conglomerate  and  si/enitt  at  Wonder  island,  east 
shore  of  lake  Saganaga. 


Hen  are  two  patches  of  coDglomerate,  A  and  B.  The  first  is  about 
four  feet  wide,  and  the  other,  three  feet.  The  separating  syenite  is 
ten  feet — here  shown  reduced.  The  patch  A  f^raduatea  into  the  ayen* 
jte  on  hoth  sides;  B  is  sharply  limited,  especially  along  the  line  a  b, 
where  a  distinct  joint  appears  between  it  and  the  syenite.    From  c  to 
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d  this  patch  may  be  seen  overlying  the  syenite,  for  the  thin  edge  as 
broken  away.  Around  the  remainder  of  the  border  of  B,  the  con- 
glomerate  appears  to  terminate  with  a  thin  edge,  but  it  is  so  closely 
united  with  the  syenite  that  it  is  difficult  to  say  whether  clean  syen- 
ite underlies,  as  along  c  d  or  not.  The  appearance  of  B  is  as  if  a 
vertical  section  along  0/ would  present  the  relations  following: 


Fig.  27. — Theoretical  vertical  section  of  the  conglomerate^  fig.  26  along  the 

line  e  f  in  the  mass  B. 

These  appearances  may,  however,  be  illusory.  The  lower  limit  of 
the  conglomerate  may  not  be  as  abrupt  generally  as  it  appears  when 
the  thin  edge  is  broken  away.  Still,  if  it  graduated  downward  into 
the  syenite,  some  pebbles  should  exist  to  the  landward  of  the  termi- 
nation at  A,  that  is  along  the  interval  a  b.  But  they  do  not  exist. 
However,  as  before  said,  I  base  no  important  inferences  on  this  ap- 
pearance. 

A  single  pebble  g^  appears  beyond  the  joint  a  b,  which  separates  the 
principal  mass  of  conglomerate  from  the  syenite. 

As  the  diagram  shows,  the  pebbles  are  more  closely  arranged  in  the 
patch  B,  than  in  A.  It  might  at  first  be  supposed  that  B  was  a  bed 
of  pebbles  over  which  the  syenite  had  been  poured  in  a  liquid  state. 
But  certainly,  the  other  patch  could  not  be  so  conceived.  Here  the 
pebbles  are  not  supported  by  each  other  Evidently,  they  have  been 
deposited  in  a  paste  dense  enough  to  prevent  their  falling  together. 
The  epoch  'of  the  paste  and  that  of  the  deposition  were  the  same. 
The  conglomerate  and  the  syenite  were  put  in  place  simultaneously. 
The  syenite  was  not  "erupted"  after  the  conglomerate  existed.  The 
conglomerate  was  not  laid  down  on  the  solidified  syenite.  I  have  seen 
on  an  island  in  Gabimichigama  lake,  a  pile  of  angular  fragments  of  . 
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''muscovado/'  over  which  gabbro  had  been  poured  in  a  state  fluid 
enough  to  permit  it  to  fill  all  the  interstices  among  the  fragments  of 
muscovado.  (Report  1886,  p.  172,)  But  the  pile  of  fragments  was 
self-supporting.  It  was  like  a  talus  at  the  foot  of  a  cliff  over  which 
water  had  been  poured,  and  had  congealed  in  all  the  cavities.  This 
case  is  entirely  different.  Even  though  the  mass  B  is  more  compact 
than  A,  it  will  be  seen  that  it,  even,  could  not  have  been  originally  a 
self-supporting  mass  of  pebbles. 

The  pebbles  are  quite  uniform  in  lithological  aspect.  They  are  uni- 
formly dark  colored,  and  in  a  rough  way,  would  be  called  greenstones. 
I  have  endeavored,  however,  to  make  some  field  discriminations,  with 
the  following  result : 

Rockff  615.     Lamellar  augite,  in  coarse  agglomerations. 

Rock  616.  Lamellar  augite  in  fine  agglomerations,  with  a  minute 
quantity  of  light  feldspar  disseminated  in  strings  and  grains. 

Rock  617.     Lamellar  augite  with  conspicuous  grains  of  feldspar. 

Rock  618.     Augite,  feldspar  and  epidote. 

Rock  619.     A  lamellar  mineral,  soft  as  talc  or  chlorite. 

Rock  620.     Pale  green  augite  inclosing  lamellar  augite. 

Rock  621.    Augite  hyposyenite. 

Rock  622.     Greenish,  transparent  augite  in  slender  prisms. 

Rock  623.     Lamellar  augite  like  615,  but  of  a  pale  green  color. 

Rock  624.     Saganaga  syenite  inclosing  above  pebbles. 

A  majority  of  the  pebbles  are  like  615,  616  and  617.  There  is  no 
syenite,  no  quartzyte,  no  jasper,  no  sedimentary  fragment.  In  one  in- 
stance, I  saw  two  or  three  large  grains  of  quartz  imbedded  in  a  large 
pebble  of  617. 

This  differs,  therefore,  from  the  Ogishke  conglomerate  both  in  the 
mineral  character  of  the  pebbles  and  the  nature  of  the  groudmass. 

This  is  the  only  locality  at  which  I  have  observed  pebbles  of  this 
nature  or  any  other,  in  such  abundance  in  a  matrix  of  syenite.  Scat- 
tered pebbles  seen  heretofore  in  the  syenite  of  this  lake,  but  more 
especially  in  that  of  Seagull  lake  (as  will  be  shown)  are  of  a  similar 
nature  to  these,  and  in  my  opinion  have  had  a  similar  origin  and  sim- 
ilar history.  However,  in  the  E.  i  of  sec.  7,  T.  65-5,  near  the  north- 
western shore  of  Seagull  lake  a  conglomerate  has  been  reported  to  me 
by  Mr.  Frank  Stacy  as  the  Ogishke  conglomerate;  but  it  seems  more 
probably  of  the  nature  of  the  conglomerate  on  Wonder  island.  The 
region  referred  to  by  IVTr.  Stacy  is  within  the  limits  of  the  mass  of 
Saganaga  syenite. 

I  visited  sundry  other  islands  in  the  vicinity  of  Wonder  island,  but 
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^ound  no  more  conglomerate.     Single  black  pebbles,  however,  are  of 
frequent  occurrence. 

Proceeded  to  follow  up  the  east  shore  of  Saganaga  lake,  but  after 
paddling  two  or  three  miles  found  ourselves  at  the  head  of  a  deep  nar- 
row bay.  Returning  from  this  we  entered  another  deep  sinuous  bay 
reaching  nearly  as  far  north.  From  the  head  of  this  we  returned 
nearly  to  Wonder  island,  and  at  length  struck  into  a  channel  which 
proved  to  be  the  main  passage  to  the  north  shore. 

Sec.  27,  T.  67-4,  as  of  Minnesota.  Main  land  east  side.  Saganaga 
syenite.     The  syenite  is  continuous  along  this  shore. 

Northern  part  of  sec.  22,  T.  67-4,  as  of  Minn.  Saganaga  syenite 
<6'25).  A  few  pebbles.  A  dyke  of  another  syenite  (626)  three  feet 
wide,  striking  N.  40  °  W.  and  dipping  N.  80®,  contains  much  hornblende 
and  little  quartz. 

The  formation  contains  numerous  rather  angular  pieces  of  dark 
rock  which  proves  to  be  simply  another  syenite  similar  to  that  of  the 
dike.  The  subject  could  not  be  investigated  on  the  spot  sufficiently 
to  determine  whether  they  are  wholly  identical  with  the  dike-syenite. 
Their  identification  would  create  a  problem  of  some  difficulty,  and  the 
presumption  is  that  the  two  syenites  are  not  identical. 

Sec.  21,  T.  67-4,  as  of  Minn.;  near  head  of  second  winding  bay. 
Saganaga  syenite  unchanged. 

Sec.  20,  T.  67-4,  as  of  Minn.  Saganaga  syenite  (627).  The  feld- 
spar  is  mostly  light  colored.     Contains  some  pebbles  of  diabase. 

South  part  of  sec.  20,  T.  67-4,  as  of  Minn.  Rock  very  unhomoge- 
neous.  The  greater  part  is  a  dark  chlorite-horn blende,  mostly  with 
small  grains  of  red  feldspar  disseminated  through  it  (628)  Much  how- 
ever, consists  of  red  feldspar  disposed  in  irregular  strings,  bands  and 
vein -like  forms  A  good  deal  of  epidote  also,  is  gathered  in  the  fis- 
sures. The  rock  presents  a  very  ragged  exterior,  and  easily  chips  .to 
pieces. 

A  few  rods  further  north.  A  ragged-weathering  syenite,  entirely 
different  from  the  Saganaga  variety.  Composed  largely  of  brilliant 
black  hornblende  with  some  feldspar  disseminated  through  it,  and  oc- 
casional grains  of  quartz. 

Rock  629.    Black  syenite. 

Sec.  20,  T.  67-4,  as  of  Minn.,  Saganaga  syenite.  Near  the  last 
Saganaga  syenite,  with  dikes  and  irregular  prolongations  of  diabase 
(630),  having  shining,  slender  rods  of  hornblende  and  a  little  feldspar. 
This  syenite  weathers  very  rough. 

Rock  681.     Thin  lamellar  augite  resembling  the  pebbles  615. 
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Bock  632.  Red  feldspar  and  chloritic  hornblende,  like  62&.  Near 
the  last,  centre  of  sec.  20,  T.  67-4,  as  of  Minn.  This  is  a  mixture 
similar  to  that  of  rock  628. 

Centre  of  sec.  20,  T.  67-4,  as  of  Minn.  Saganaga  syenite  and  dia* 
base,  like  rocks  630-32. 

S.  W.  i,  sec.  17,  T.  67-4,  as  of  Minnesota.  Island.  Mostly  Sag- 
anaga  syenite;  bat  some  of  the  formation  is  a  micaceons  gneiss  (633)» 
with  mineral*}  arranged  in  parallel  beds.  First  miea  seen  oa  tbi» 
lake. 

Sec.  17,  T.  67-4,  as  of  Minn.  Point  of  cape.  Saganaga  syenite^ 
Breaks  into  huge  cuboidal  fragments. 

Sec.  8.  T.  67-4,  as  of  Minn.     Saganaga  syenite. 

Main-land  of  extreme  north  shore.  Supposed  near  the  northern 
line  of  T.  67-4.  To  the  east  of  this  a  broad  bay  extends  half  a  mile 
farther  north.  Here  is  a  hill  attaining  an  elevation  df  about  twa 
hundred  feet.  A  range  somewhat  continuous  extends  east  and  west 
for  four  or  five  miles,  having  an  aspect  different  from  that  of  the  isol- 
ated domes  of  the  syenite,  and  differing  also,  in  its  dark  color  when 
seen  from  a  distance.  At  this  point  it  is  a  dark,  semi-slaty  rock.. 
Climbing  to  the  summit  which  is  here  about  200  hundred  feet  above, 
the  lake,  the  slatiness  is  in  places  quite  marked,  though  tending  to- 
split  in  coarse  fibrous  forms,  and  not  altogether  in  laminae  or  sheets. 
It  has  marked  cleavage  in  planes  mostly  S.  S.  W.  at  an  angle  of  75- » 
and  hence  approximately  at  right  angles  with  the  bedding,  the  dip  of 
which  is  N.  N.  E      It  is  intersected  by  veins  of  quartz. 

Rock  634.     Showing  the  slatiness. 

Rock  635.    More  solid  portions. 

Rock  636.    Showing  the  cleavage. 

Rock  637.     Showing  warped^  parallel  lamination. 

•Rock  638.     Quartz  from  a  vein. 

From  this  summit  I  see  a  range  of  hills  about  fifteen  miles  distant,, 
following  the  horizon  from  a  point  S.  30°  W.  to  a  point  S  10^  E. — 
and  less  elevated,  to  a  point  S.  80°  E.  This  is  probably  the  ''G-iant's- 
Range"  showing  the  culmination  of  the  syenitic  mass  separating  the 
Eewatin  slates  of  the  north  from  the  Eewatin  and  Animike  slates  of 
Gunflint  lake. 

An  island  in  about  sec.  6,  T.  67-4,  lying  less  than  a  quarter  of  a  mile 
from  the  north  main  shore.  This  island  is  mostly  syenite;  but  here,, 
near  the  western  end  it  is  syenite  mixed  with  chlorite  syenite  (689). 

Another  but  smaller  island  southwest  of  the  last  judged  to  be  with- 
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in  the  same  sec.  6,  and  lying  but  an  eighth  of  a  mile  from  the  slaty 
main  land.     This  is  ordinary  syenite. 

A  little  further  southwest  a  promontory  half  a  mile  long  projects 
into  the  lake«  and  the  main  mass  of  this  is  syenite.  But  the  main 
land  continues  slaty. 

A  small  island  supposed  to  lie  in  the  western  part  of  sec.  12,  T.  67-5,. 
as  of  Minnesota.  This  is  good  Saganaga  syenite,  with  rude  horizon- 
tal bedding,  like  some  of  the  syenite  seen  on  Basswood  lake  and  else-^ 
where.     (Compare  Halts  440,  443,  p.  99,  Report,  1886.) 

Supposed  to  be  in  sec.  11,  T.  67-5,  as  of  Minnesota.  About  a  mile 
farther  southwest.  Slate  continues,  having  about  the  same  characters- 
and  same  dip  as  described  at  the  north  extremity  of  the  lake.  It  is 
intersected  here  by  a  dike  of  diabase  and  a  vein  of  quartz. 

There  is  good  reason  to  believe  that  the  same  argillitic  slate  con- 
tinues along  the  west  shore  of  Saganaga  lake  as  far  as  the  national 
boundary  where  my  observations  began.  The  north  and  northwest 
shores  mark  the  division  line  between  the  syenite  on  the  south  and 
the  earthy  schists  on  the  north.  I  did  not  discover  the  existence  of 
the  usually  intervening  crystalline  schists,  but  as  the  belt  of  these  is* 
in  other  parts  of  the  region  somewhat  narrow,  it  cannot  be  affirmed 
that  the  earthy  schists  occur  in  immediate  contact  with  the  syenite. 
The  chlorite  syenite  and  chlorite  gneiss  seen  at  several  points  hold  the 
usual  intervening  position.  The  micaceous  gneiss  seen  on  the  island 
in  sec.  17,  lies  very  probably  in  the  vicinity  of  mica — or  hornblende 
schist.  It  is  just  as  likely,  however,  to  be  a  detached  mass,  since 
the  ordinary  Saganaga  syenite  lies  between  it  and  the  north  shore 
slates. 

Thinking  the  north  shore  had  been  examined  as  far  as  my  time 
would  permit,  I  determined  to  strike  directly  across  Saganaga  lake  for 
Saganaga  falls,  out  of  Granite  lake.  In  passing  among  the  labyrinth 
of  islands  in  the  southern  part  of  the  lake,  I  found  to  my  annoyance 
several  erroneous  records  of  the  land  surveyors.  For  instance  the 
blazes  on  the  trees  between  sees.  81  and  82  read  82  and  88  in  several 
places.  But  the  meander  corners  between  sees.  29  and  32  set  things 
right.  It  is  worthy  of  note  that  after  traveling  so  sinuous  a  course 
from  Wonder  Island,  without  sight  of  a  known  landmark,  with  dis- 
tances all  estimated  by  the  eye,  and  directions  determined  by  a  good 
pocket  compass,  the  course  ended  at  a  point  but  little  more  than  a 
mile  distant  from  the  calculated  position. 

Island  20  rods  north  of  most  northerly  angle  of  Big  island  platted  oa 
29 
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T.  67-4,  Minn.  Saganaga  syenite  and  biotite  gneiss  (640) — the  former 
prevailing. 

Land  on  east  of  north  side  of  Big  island.  Sec.  33,  T.  67-4.  The 
formation  is  mostly  syenite,  as  on  the  contiguous  island;  bat  for  the 
space  of  a  quarter  of  a  mile  occurs  the  formation  which  I  have  record- 
ed as ''mixed."  It  is  mostly  a  chlorite-augitic  groundmass  with  a 
small  quantity  of  light  feldspar  and  a  greenish  mineral  disseminated; 
in  many  places  minute  specks  of  a  red  feldspar,  and  some  veins  of  this. 
Rock  tough,  seamed,  not  hard. 

Rock  641.     Chlorite-augitic  rock. 

East  extremity  of  island  southeast  of  Big  island.  Sec.  33,  T.  67-4. 
Very  ragged-weathering  formation,  consisting  mostly  of  lamellar  au- 
gite  like  615,  with  grains  of  red  feldspar  sparsely  disseminated,  and 
numerous  nodules  from  an  inch  to  three  inches  in  diameter  of  syenite 
composed  of  white  feldspar,  transparent  granules  of  quartz  and  jet 
black  crystals  of  hornblende.  This,  apparently,  is  the  rock  which  has 
yielded  pebbles  to  the  prevailing  syenite 

Rock  642.     Mostly  lamellar  augite  in  coarse  agglomerations. 

Near  extreme  point  of  same  island,  a  few  rods  east  of  the  last.  A  dike 
of  white  weathering  feldspar  with  disseminated  grains  of  quartz. 
Three  feel  wide,  vertical.  The  feldspar  is  livid  pinkish,  not  striated. 
This  intersects  a  formation  substantially  like  that  described  in  con- 
nection with  rock  642,  but  the  disseminated  red  feldspar  is  in  coarser 
grains. 

Rock  613.     Feldspar  and  quartz  from  dike. 

Rock  614.     Formation  containing  the  dike  643. 

Farther  along  and  at  the  extreme  point,  the  syenite  is  seen  alterna- 
ting and  mixed  with,  the  augitic  rock. 

$9.— GRANITE  LAKE. 

• 

Granite  lake,  so-called,  undoubtedly  from  the  high  conspicuous  and 
rugged  hills  which  environ  it,  lies  in  the  midst  of  the  Giant's  range, 
and  presents  a  physical  aspect  even  more  forbidding  than  Saganaga. 
The  hills  are  not  lofty,  rising  only  fifty  to  one  hundred  feet  above  the 
lake;  but  they  are  mostly  bare,  with  a  massive,  sterile  expression  as  if 
the  world  had  but  recently  been  finished  and  vegetation  had  not  yet 
taken  root.  But  thev  bear  nevertheless  the  evidences  of  vast  denuda- 
tion  and  reflection  presents  them  to  us  as  relics  of  a  remote  antiquity. 
The  entire  township  in  which  the  lake  rests  is  a  surface  of  rolling  hills 
and  domes  with  narrow  marshes  or  clear  lakelets  between.     It  is  dis- 
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tant  only  about  two  miles  east  from  the  eastern  long  arm  of  Saganaga; 
and  Gull  lake  extends  its  bead  to  witbin  two  miles  of  the  principal 
bay  of  Granite  lake.  This  lake  lies  wholly  in  township  66  of  range  4 
"west,  having  a  length  of  little  more  than  six  miles.  Its  average  width 
is  about  three  fourths  of  a  mile,  but  in  places  it  widens  on  the  Cana- 
<lian  side  to  about  two  miles,  and  south  of  this,  narrows  to  a  simple 
stream  interrupted  by  numerous  rapids  which  will  be  described.  In 
the  midst  of  a  long  series  of  rapids  leading  out  of  Pine  lake  is  a  small 
expansion  a  third  of  a  mile  long  which  is  named  Basin  lake.  These 
features  will  be  more  particularly  described. 

From  Saganaga  lake  the  lower  or  Saganaga  falls  are  passed  by  a 
short  portage  on  the  west  side. 

Portage  at  the  upper,  or  Granite  lake  falls,  S.  E.  i,  sec.  4,  T.  66-4. 
The  portage  is  on  the  east  side  of  the  stream  and  about  28  rods  in 
length.  Parts  of  it  are  quite  difficult,  in  consequence  of  rocky  slopes. 
The  landing  and  embarkation  are  also  difficult.  The  rock  is  regular 
Saganaga  syenite. 

N.  E.  i,  N.  E.  i,  sec.  16,  T.  66-4.  Saganaga  syenite,  with  quartz 
individuals  a  quarter  of  an  inch  in  diameter.  The  western  shore  of 
the  lake  to  here  is  quite  direct  and  trends  south.  Syeuite  presents  it- 
self almost  uninterruptedly.  A  few  poplars  and  Jack  pines  are  seen, 
and,  on  the  low  ground  at  this  point,  tamaracks  and  birch. 

S.  E.  i,  S.  E.  i,  sec.  16,  T.  66-4.     Saganaga  syenite  continuously. 

S.  E.  i,  S.  E.  i,  sec.  16,  T.  66  4.  Saganaga  syenite  in  a  much 
shattered  bluflF.     The  syenite  along  the  shore  weathers  pale  red.- 

S.  E.  kf  S.  E.  \,  sec  21,  T.  66-4.  Saganaga  syenite.  Occasional 
greenstone  pebbles.  The  country  becomes  diversified  with  high 
rounded  hills  from  fifty  to  one  huudred  and  fifty  feet  in  altitude 
above  the  lake. 

X.  E  i,  N.  E.  i,  sec.  28,  T.  664.     Saganaga  syenite. 

S  E.  i,  N.  E.  i,  sec.  28,  T.  66-4.  A  massive  exposure  of  Saganaga 
syenite. 

Near  centre  of  sec.  27,  T.  66-4.     Saganaga  S3'enite;  rock  645. 

The  stream  connecting  the  two  portions  of  Granite  lake  is  a  broad, 
deep  river,  widening  in  the  middle.  By  an  abrupt  bend  in  the  stream 
the  current  sets  south.  The  shores  are  lined  with  massive  syenite 
containing  coarse  quartz. 

S.  E.  i,  S.  E.  i,  sec.  22,  T.  66-4.  Near  outlet  of  southern  section 
of  Granite  lake.    Saganaga  syenite. 

A  fragment  of  slate  lies  on  the  shore  which  is  identical  with  that 
north  of  Saganaga. 
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The  syenite  in  this  region  is  but  very  faintly  red. 

The  surveyor's  plat  becomes  again  very  treacherous.  This  lobe  of 
Granite  lake  is  represented  as  having  a  broad  southern  portion ;  and 
no  rapids  are  laid  down  until  we  reach  the  southern  extremity,  in  the 
northern  part  of  sec.  36.  Now,  as  a  fact,  the  Canadian  shore  ap* 
proaches  the  American  in  the  southern  part  of  sec.  26,  and  here  are 
rapids  an  eighth  of  a  mile  long,  flowing  north.  There  we  navigate. 
A  distinct  current  flows  also  through  the  narrows  on  the  line  be- 
tween sees.  23  and  26.  Beyond,  or  south  of»  the  rapids,  we  come 
into  a  broad  stream,  with  a  quite  perceptible  current,  widening  to  an 
eighth  of  a  mile;  and  in  the  midst  of  this  we  discover  a  meander  stake 
to  help  us  out.  We  examine  one  bearing  tree  and  cannot  make  out 
whether  it  is  35  or  36.  Very  well,  the  other  tree  should  decide.  Alas, 
the  other  reads  25  or  26,  and  no  one  can  tell  which — such  is  the  fidel- 
ity.of  the  government  surveyors.  After  studying  the  hieroglyphics 
of  the  first  tree  again  and  again,  I  conclude  they  read  35.  Then  those 
on  the  north  tree  must  stand  for  26.  But  the  line  between  36  and  25 
is  platted  as  passing  along  rapids — though  east  and  west  rapids.  The 
configuration  of  the  shores  shows  it  impossible  that  we  have  reached 
these  rapids.  There  are  then  long  rapids  not  platted  and  in  a  place 
where  the  Canadian  shore  is  represented  two-thirds  of  a  mile  distant. 
Such  facts,  while  they  are  not  geology  are  some  of  the  geologist's  ex- 
periences. 

S.  W.  i,  S.  £.  i,  sec.  26,  T.  66-4.  Near  meander  stake.  Saganaga 
syenite. 

N.  W.  i,  N.  E.  i,  sec.  36,  T.  66-4.  At  rapids  which  also,  are  not 
on  the  plat — which  shows  Canadian  shore  half  a  mile  distant.  Saga- 
naga syenite.    Quartz  exceedingly  coarse. 

These  rapids  are  in  two  sections,  altogether  a  quarter  of  a  mile* 
The  canoes  were  pulled  up  with  considerable  effort. 

Rapids  S.  E  i,  N.  E  i,  sec.  35,  T.  66-4.  These  rapids  also  are  not 
on  the  plat  and  they  require  to  be  portaged,  though  in  going  down 
stream,  they  may  be  "shot"  in  an  empty  canoe.  The  portage  lies 
south  of  the  rapids  and  crosses  a  point  of  land.  It  ends  on  a  little 
lake,  which  from  its  form  I  named  Basin  lake.  The  syenite  is  the 
regular  Saganaga  variety  which  prevails  throughout  this  region.  The 
syenite  generally  about  here,  weathers  white. 

Basin  lake  is  half  a  mile  long  and  a  quarter  of  a  mile  broad  lying 
in  the  N.  W.  i,  sec.  36,  T.  66-4.  At  the  end  of  this  are  other  rapids 
not  on  the  plat.  These  appear  to  be  the  lower  of  a  series  of  four 
rapids — the  others  platted — which  occur  in  a  northward  bow  of  the 
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stream.  We  manage  to  flank  all  these.  From  a  little  bay  at  the 
southeast  corner  of  Basin  lake  we  pursue  an  indistinct  trail  southeast- 
ward] and  along  a  difficult  route,  shunting  a  big  syenite  hill  on  the 
right,  and  in  about  a  quarter  of  a  mile,  reach  a  little  lily-bearing  bay 
opening  southeastwardly  into  a  small  lake  in  the  southeast  part  of 
sec.  36,  which  proves  to  be  the  northern  extremity  of  Pine  lake.  So 
we  escape  four  portages,  but  lose  fully  a  mile  of  coast  line. 

§   10. — PIKE  LAKE. 

Pine  lake  lies  in  the  southeastern  part  of  T.  66-4,  W.  and  the  north- 
-eastern part  of  T.  65-4,  W.  Its  length  is  about  two  and  a  half  miles, 
with  an  average  width  of  a  third  of  a  mile,  with  narrows  and  rapids 
at  about  mid-length.  Its  entire  shores  are  bound  by  massive  syenite 
jiot  greatly  elevated  above  lake  level.  The  vegetation  possesses  no 
importance. 

N.  E.  i,  S.  W.  i,  sec.  36,  T.  66-4.  TwinBay  portage  from  Pine 
lake  to  Granite.  High  cliffs  of  the  Saganaga  syenite  (646).  Most  of 
ibe  feldspar  is  white,  but  some  is  pale  pink.  Generally,  it  is  not  well 
isolated.    There  are  greenstone  pebbles  in  the  syenite. 

The  high  hill  south  of  this  portage  and  crowding  upon  it  was  as- 
trended,  on  a  second  visit.  I  found  the  usual  east-west  structure. 
The  quartz  individuals,  however,  were  not  generally  elongated. 

N.  W.  i,  N.  £.  i,  sec.  1,  T.  65-4.  Near  foot  of  narrows  and  rapids 
of  Pine  lake.  The  Saganaga  syenite  has  here  a  jointage  structure 
ximiiing  east  and  west,  and  it  seems  to  be  dependent  on  a  system  of 
foliation.  This  jointage,  then,  is  conformable  with  the  prevailing 
bedding  system  of  the  schists  of  the  country. 

y.  W.  i,  N.  E.  i,  sec.  1,  T.  65-4.  Near  the  rapids,  on  the  upper  or 
^ootherly  side.  Saganaga  syenite  (647) — the  quartz  coarse  and  con- 
apieaoaa — the  feldspar  a  groundmass. 

These  rapids  are  not  on  the  plat,  and  it  is  difficult  to  ford  them. 
About  half  a  mile  from  the  southwestern  extremity  of  Pine  lake, 
che  sound  of  a  roaring  rapid  is  heard;  and  here  the  Boundary  river 
comes  in  from  the  east.  The  portage  out  of  Pine  lake  is  about  an 
ei^th  of  mile  south  of  the  stream,  and  leads  in  the  space  of  a  third 
•)f  a  mile  to  the  southern  extremity  of  a  bend  in  the  river. 

§  11. — ^BOUKDART  BIYSB. 

The  entire  chain  of  small  lakes  and  connecting  streams  lying  along 
the  international  bottiidnry  may  be  viewed  as  simply  a  stream  serv- 
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iog  for  drainage  of  the  region;  but  on  the  nearly  horizontal  general 
surface  expanding  at  frequent  intervals,  to  fill  the  basin -shaped  de- 
pressions which  dot  the  surface  of  the  crystalline  and  schistic  rocks. 
There  are  two  of  these  rivers.  One  flows  eastward  and  southeastward 
into  lake  Superior;  and  the  other  flows  westward  and  northwestward 
into  Kainy  lake.  The  dividing  ridge  between  the  headwaters  of 
these  two  streams  lies  between  North  and  South  lakes  at  an  elevation 
of  1,097  feet  above  lake  Superior,  as  barometrically  determined  by  Prof. 
N.  H.  Winchell.*  It  is  the  westerly  stream  which  I  have  desig- 
nated the  Boundary  river.  The  other  is  the  Pigeon  river.  The  inter- 
national boundary  does  not  in  all  cases  correspond  with  the  position 
of  these  rivers.  It  follows,  in  accordance  with  treaty,  the  usually 
traveled  canoe  route,  and  this  makes  several  short  cuts. 

The  length  of  the  Boundary  river  from  Gunflint  lake  to  Pine  lake, 
is  less  than  three  miles  by  its  windings,  and  in  a  straight  line  it  is  not 
over  two;  but  its  course  is  zigzag  and  the  stream  is  interrupted  by 
half  a  dozen  rapids.  It  flows  through  the  most  desolate  and  rugged 
portion  of  the  Giant's  Range.  Bald  syenitic  summits  rise  fifty  to' one 
hundred  feet  above  the  stream,  and  in  many  regions  the  surface  is 
studded  with  the  blackened  erect  trunks  of  the  recently  burned  Jack 
pine  forest.  Frost  has  broken  down  the  ancient  precipices,  and  the 
ruin  of  the  mountains  contributes  its  weird  effect  to  the  impression 
made  by  the  ruin  of  the  forest. 

N.  E.  i,  N.  W.  i,  sec.  12.  T.  65-4.  Disappearance  of  Boundary, 
river.    This  point  is  shown  in  figure  28. 


Fig.  28. — Map  of  Boundary  River  showing  point   of  Disappearance 
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Fig.  29. — Bowlder-filled  ancient  channel  of  Boundary  i-ivei: 

At  the  place  indicated  a  singular  accumuliition  of  bowlders  is  seen' 
(A,  fig.  S9)  rising  apparently  in  a  cobble  stone  wall  to  a  bight  of  about 
fifteen  feet  above  the  water. 

This  is  the  appearance  as  seen  in  perspective  at  the  distance  of  about 
twelve  rods  toward  the  south.  On  approaching  nearer  the  surface  ei- 
posed  to  view  is  Been  to  be  not  a  wall  but  a  slope  of  about  20°,  and  the 
curious  efiPect  is  discovered  tobe  siniply  that  of  a  mass  of  bowlders  fill- 
ing what  is  prob^ly  an  ancient  bed  of  the  stream.  The  bowlders  are 
quite  uniformly  about  ten  inches  in  diameter.  The  right  and  left  bor- 
ders of  the  bowlder-611ed  bed  are  abruptly  limited  by  vegetable  growths, 
and  a  well  developed  forest  surrounds.  The  farther  limit  is  also  sharply 
determined  by  a  fringe  of  sedges  and  a  forest  covering,  as  shown  in 
figure  29.  Standing  water  approaches  the  foot  of  this  slope,  but  no 
current  whatever  sets  toward  this  old  channel. 

'On  the  contrary,  a  channel,  B.,  filled  with  bowlders  through  which 
the  stream  actually  flows  goes  out  toward  the  northeast.  The  water 
here  entirely  disappears.  I  obtained  good  photographs  of  both  chan- 
nels. 

[  imagine  that  this  istheplaceof  theold  preglacialchannel,  and  that 
through  the  agency  which  transported  the  bowlders,  it  bccnme  tilled. 
I  imagine  that  for  ages,  the  spaces  between  the  bowlders  remained 
sufficiently  open  for  the  water  to  flow  through.  By  degrees,  however, 
accumulating  debris  choked  the  spa,cea,  and  a  soil  formed  at  the  top, 
which  became  overgrown  with  the  forest.  The  mass  of  bowlders  now 
seen  is  what  remains  uncovered  by  the  soil.  Vegetation  has  encroach- 
ed upon  it  from  the  sides,  as  fast  as  the  soil  could  find  resting  place. 
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Hence  the  sharp  lateral  limits  of  the  bowlder-filled  space,  as  indicated 
at  the  surface.  On  each  side  where  the  forest  stood  before  the  burn- 
ing, the  bowlders  are  seen  to  be  exceedingly  numerous  wherever  the 
soil  is  removed;  and  hence  I  infer  that  the  ancient  channel  was  broad- 
er than  the  space  now  remaining  uncovered  by  a  soil. 

The  channel  B  must  have  been  filled  in  a  similar  way;  and  this  also 
must  have  been  preglacial.  Supposing  the  two  channels  contempora- 
neous, it  was  an  island  which  lay  between  them.  The  existence  of 
alternate  channels  rendered  it  easier  for  the  first  to  become  choked; 
since,  as  soon  as  a  hindrance  was  experienced  by  the  water  passing 
through  it,  the  other  may  have  remained  available  for  the  passage  of 
an  enlarged  flow. 

It  appears  inevitable,  however,  that  the  second  channel  should  in 
time  become  choked;  and  then,  as  no  alternative  channel  remains,  the 
stream  will  flow  over  the  surface  of  the  bowlders  in  channel  B.  In 
fact,  the  absence  of  soil  over  that  surface  indicates  that  already,  at 
times  of  flood,  a  portion  of  the  water  is  carried  off  by  a  surface  flow. 

N.  W.  i,  N.  W.  i  sec.  12,  T.  65-4.  East  end  of  portage  from  Pine 
lake.  Saganaga  syenite  (648)  in  full  character.  Much  of  the  feldspar 
is  pale  red,  and  forms  a  crystalline  mass  in  which  the  hornblende  and 
•quartz  are  imbedded.  Some  of  the  hornblende  is  partially  chloritized, 
and  crumbles  upder  the  finger  nail. 

Blueberry  cascade  and  Portage,  N.  E.  i,  S.  W.  i  iec.  12,  T.  65-4. 
Here  is  a  small  U-shaped  bend  in  the  river,  opening  south-southwest, 
and  a  portage  of  20  rods  passes  across  the  opening.  Here  a  long  cas- 
<^ade  comes  roaring  and  foaming  tumultuously  down  over  the  stras:gliDg 
fragments  of  the  shattered  contiguous  syenitic  slopes.  Of  this  1  ob- 
tained a  good  photographic  view.  The  ruined  hillslopes  appear  in 
•every  direction,  and  the  black  trunks  of  the  sparse  dead  forest  stand 
bristling  along  the  hill-crests  and  lie  in  impassable  tangles  across  the 
stream.    I  obtained  also  a  good  view  of  one  of  these  shattered  slopes. 

Sterile  as  the  region  seems,  it  sustains  an  amazing  growth  of  blue- 
berries. One  single  stem  bore  hundreds  of  large  and  savory  berries, 
and  of  this  I  also  prepared  a  photograph.  This  crop  appeared  to  be 
in  full  maturity  when  we  camped  here  on  the  seventeenth  of  August; 
but  it  was  apparently  undiminished  and  unimpaired  when  we  returned 
on  the  eighth  of  September. 

Immediately  above  this  bend  in  the  river  we  encounter  other  rapids. 
These  we  ascend  with  di£Sculty.  Syenite  lines  all  the  shores.  Now 
follows  a  quiet  lake-like  stretch  of  three-fourths  of  a  mile,  and  then 
we  come  to  falls. 
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N.  E.  i,  N.  E.  i,  sec.  18,  T.  65-4.  Gunflint  falls,  upper  (south)  en  J 
of  portage.  The  falls  are  wide  and  quite  precipitous.  The  portage 
lies  on  the  east  side.  Took  a  photographic  view.  The  formation  is 
Saganaga  syenite.  The  dark  mineral  however,  is  arranged  in  cwcrses, 
and  the  rock  is  truly  gneissic  (649).  The  hornblende  too,  is  a  little 
chloritized.  The  quartz  grains  are  large  but  not  enormous.  The 
strike  of  the  gneissic  structure  at  this  place  is  N.  80""  E.  The  strike 
of  the  Eewatin  slates  where  seen  at  sec.  22,  65-3,  (as  of  Minn.),  i» 

N.  72«  E. 
The  syenite  here  is  intersected  by  a  dike  of  rather  peculiar  diabase 

(822)  crossing  the  strike. 

A  few  rods  further  up  the  stream  other  rapids  intercept  our  course, 
but   with  labor  and  risks    we   pole    the   canoes  past  them.      And 
now  the  stream  gradually  widens  into  the  northern  arm  of  Gunflint^ 
lake. 

§  12.— GUNFLIKT  LAKE. 

Gunflint  lake  lies  on  the  international  boundary.  The  Americanr 
shores  are  included  chiefly  in  township  65>3,  west;  but  they  stretch 
eastward  into  T.  65-2,  and  westward  into  T.  65-4.  Its  extreme  length 
is  nearly  eight  miles,  with  a  mean  width  of  about  a  mile.  Its  longer 
axis  is  nearly  east  and  west.  North  of  the  western  end  is  a  consider- 
able expansion,  connected  with  the  main  lake  through  the  ''narrows," 
which  furnish  an  exit  northward  for  the  drainage.  This  expansion' 
extends  east  and  west  into  two  bays  the  eastern  one  of  which  I  have 
named  for  reason,  Black  Fly  bay.  The  width  of  the  expansion  here 
is  over  a  mile  and  a  half.  The  distance  from  Gunflint  falls  southward 
to  the  Narrows  is  one  mile. 

The  land  on  the  Canadian  side  not  having  been  mapped  nor  the 
shore  line  meandered,  I  have  referred  Canadian  localities  to  their 
places  in  the  United  States  survey,  as  if  extended  beyond  the  natienal 
boundary.  I  have  also  laid  down  as  nearly  as  they  could  be  estiMated, 
the  meander  lines  of  the  Canadian  shore.  Relative  positions  of  prin- 
cipal points  have  been  ascertained  by  taking  bearings  with  a  good 
pocket  compass.  These  methods,  of  course  are  rough  and  unsaiisfac' 
tory;  but  one  on  the  spot  can  certainly  form  a  conception  of  the 
situation  more  correctly  than  the  reader  who  has  not  been  there  and 
has  no  maps  to  assist  him.  With  such  approximation  I  have  pre- 
sented here  a  map  of  Black  Fly  bay,  a  map  of  Animike  bay  on  the 
extreme  west,  south  of  the  Narrows,  and  a  map  of  that  portion  of  the 
body  of  Gunflint  lake  which  is  geologically  of  greatest  interest. 
30 
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The  physiographic  environment  of  Gnnflint  lake  is  wild  and  pictar- 
lesque.  It  lies  in  a  raijrged  valley  between  the  Qiant's  Range  on  the 
north  and  the  Mesabi  Range  on  the  south.  The  former  stretches  west- 
ward to  Seagull  and  West  Seagull  lakes  and  eastward  with  a  tendency 
northward,  far  into  the  interior  on  the  Canadian  side.  This  is  seen 
4ying  in  the  southern  horizon  from  the  high  elevations  north  of  Sag- 
4inaga  lake.  The  Mesabi  Range  extends  equally  far  toward  the  east 
and  west;  but  its  main  mass  lies  nearer  the  lake  than  that  of  the 
*Oiant's  Range.  The  sky-line  of  the  Giant's  Range  is  undulating  and 
soft;  that  of  the  Mesabi,  notched,  jagged  and  precipitous.  As  we 
<enter  the  body  of  the  lake  through  the  Narrows,  one  of  the  clifp- 
f^rowned  ridges  of  the  Mesabi  Range  lies  in  front.  This  fades  east- 
ward into  a  high  pass  and  this  is  bounded  by  a  vertical  wall  on  the 
east,  above  which  rises  the  massive  continuation  of  the  Range,  crested 
characteristically  by  a  coluniniform  precipice.  This  Range,  precipit- 
ous on  the  north,  slopes  gradually  to  Loon  lake,  a  mile  distant  south- 
ward. Five  miles  from  the  western  extremity  of  the  lake  appears 
another  pass  over  which  lies  the  portage  to  Loon  lake  .and  Southward. 
The  lake  terminates  eastward  in  a  broad  valley  furnishing  exit  by 
Gunfiint  river  to  North  lake.  On  the  north  of  Guuflint  lake  stretch 
massive  ridges  of  earthy  and  crystalline  schists,  trending  diagonally 
east-north  east.  Behind  these  rise  the  higher  ranges  of  gneisses  and 
isyenite. 

The  entire  surface  on  the  Minnesota  side  has  been  burned  over,  with 
the  exception  of  limited  areas.     A  memorandum  on  the  surveyor's 
tplat  states  that  the  burning  occurred  in  1860.      Subsequently  the 
itrembling  aspen  and  to  a  less  extent  the  white  birch,  have  taken  pos- 
session of  the  soil-covered  areas,  especially  along  the  lake  shores. 
Seen  from  the  lake  the  surface  of  this  young  forest  of  thickly  studded 
and  verdure-clad  trees  presents  the  appearance  of  a  vast  meadow 
which  it  might  be  a  holiday  pastime  to  traverse;  but  the  geologist 
who  draws  near  to  this  meadowy  surface  with  the  intent  to  pass  be- 
yond to  the  brown  cliffs  which  frown  upon  it  from  the  hights,  will 
encounter  steeps  and  slides  and  rocky  walls  and  angular  taluses  and 
interwoven  branches  all  conspiring  to  render  his  ascent  slow  and  labo* 
xious.     Along  the  northern  side  much  of  the  original  forest  remains, 
tbut  fallen  trunks  and  thickly  tangled  bushes  render  travel  even  more 
•difficult  than  on  the  American  side,  until  we  rise  above  the  soil-covered 
:areas  to  ridges  of  bald  schists  aud  syenite* 

The  shore-line  on  the  southern  side  is  little  broken  or  indented. 
One  well-marked  peninsula  occurs  and  another  broader-mouthed,  de* 
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termined  by  subordinate  ridges  of  the  Mesabi.Range.    -On  the  north, 
however,  the  shore  is  deeply  indented  by  bays  and  promontories. 

This  lake,  according  to  the  barometric  observations  of  Prof.  N.  H. 
Winchell  lies  1,052  feet  above  lake  Superior. 

Geologically  Gunflint  lake  possesses  interest  which  is  destined  to 
render  it  a  classic  region.  It  touches  the  confines  of  three  uncon- 
formable systems  of  Archaean  rocks,  and  brings  to  light  facts  which 
may  probably  serve  to  relieve  many  of  the  difiBculties  which  have 
beset  the  investigation  of  the  ancient  formations  of  America.  The 
•Giant's  Range  on  the  north  is  composed  of  syenite  andsyenitic  gneiss, 
the  slopes  of  which  attain  the  lake  shores  around  parts  of  the  expan- 
sion. These  are  flanked  by  crystalline  schists  which  probably  abut 
obliquely  on  the  lake  and  these  are  succeeded  by  vertical  earthy  schists 
forming  ridges  which  run  obliquely  parallel  with  the  north  shore  and 
•exhibit  an  instructive  passage  downward  to  the  mica  and  hornblende 
schists  and  gneisses.  These  earthy  schists  retain  all  the  characteristic 
petrographic  and  structural  characters  of  the  argillytes  and  sericitic 
schists  occurring  on  Knife,  Fall,  Long  and  Vermilion  lakes;  and  are 
also  identical  in  physical  characters  with  the  vertical  slates  seen  north 
of  Saganaga  lake. 

In  the  immediate  vicinity  of  the  massive  outcrops]of  these  vertical 
slates  occur  the  black,  carbonaceous,  flinty  and  magnetitic  slates 
plainly  identifiable  with  the  Animike  formation  of  Hunt,  and  equally 
demonstrated  by  my  own  observations,  to  be  the  same  system  of  rocks 
as  by  Murray  and  Logan  were  named  Huronian.  But  these  possess 
but-a  gentle  dip  toward  the  sonth  and  are  abruptly  unconformable  with 
the  Vermilion  and  Gunflint  slates.  They  are  equally  diverse  in  pet- 
rographic characters. 

Finally,  a  fourth  vast  formation,  later  in  origin  and  eruptive  in 
character,  occupies  most  of  the  surface  along  the  south  shore  of  the 
lake.  It  crowns  and  characterizes  the  hills  of  the  Mesabi  Range, 
forming  high  columnar  precipices  rising  above  perpendicular  cliffs  of 
Animike  black  slate  facing  north,  and  sending  down  numberless  ta- 
luses  of  angular  fragments  sloping  steeply  toward  the  lake  shore.  The 
same  eruptions  which  flooded  the  country  on  the  south  of  the  lake 
extended  to  the  north  The  columnar  hill-crests  resting  on  nearly 
horizontal  Animike  slates  occur  near  the  western  end  of  the  lake  and 
at  several  points  thence  eastward;  but  they  occur  also  resting  on  the 
vertical  slates,  as  seen  at  the  great  ))romontory  of  Knife  lake  and 
again  on  sec.  7,  65-6  on  Knife  lake.    But,  in  the  vicinity  of  Gunflint 


286 


SIXTEENTH  ANNUAL  BEPORT 


lake,  the  gabbro  has  iu)t  been  found  coTering  syenite  of  the  6iant'» 
Range.  ^ 

This  lake  under  the  name  of  **  Flint  Lake''  appears  to  have  bee» 
traversed  by  Dr.  Norwood  in  1849;  but  there  is  difficulty  in  identify- 
ing his  facts  and  localities.  The  formation  which  I  here  describe  as 
Animike  slate  is  by  Norwood  styled  "slaty  hornblende"  and  another 
rock  is  called  '^hornblende  rock;**  and  this  is  represented  between 
the  slaty  hornblende  and  a  ^'quartz  rock"  described  as  "a  short  dis- 
tance below"  the  slaty  hornblende.  He  recognizes  on  the  north  shore 
a  ridge  of  "siliceous  slate  somewhat  chloritic/'  with  stratification 
not  discovered.*  A  reconnoissance  was  made  along  the  international 
boundary  in  1880  by  professor  N.  H.  Winchell  and  he  has  given  a 
cobiprehensive  general  view  of  tbe  geology.  He  noted  the  uncon- 
formable vertical  schists  on  the  north  shore  t  To  this  subject  more 
particular  reference  will  be  made. 

More  recently  the  shores  of  Gunflint  Inke  have  been  examined  by 
the  geologists  of  the  U.  S.  Geological  Survey!  and  to  their  published 
results  more  especial  reference  will  be  had  in  my  details  of  observations* 

The  report  of  my  field  observations  in  the  vicinity  of  Gunflint  lake 
will  begin  at  the  outlet  on  the  north,  and  will  first  cover  the  region 
of  the  expansion,  proceeding  along  the  west  shore  to  the  Narrows, 
and  then  along  the  north  and  easterly  shores  in  succession.  It  will 
then  take  the  westerly,  southerly  and  easterly  shores  of  the  main 
body  of  the  lake,  and  lastly  the  north  shore  and  its  vicinity. 
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Fig.  SO.^General  map  of  the  principal  part  of  Ounjlint  lake  and  vicinifi/. 

See  nep,  fig.  41i  for  table  of  rock  lamplef  corresponding  to  the  nnmbere  on  thif  map. 

•  Nortrood,  in  D.  D.  OwenV  O^dogical  Surv^  of  Wwrontin,  Iowa  and  Minneiota,  pp.  41S-417 
t  N.  H.  winchell,  Ifinth  Ann  Rep.  Geol  Surv.  Iftiin.  (1880),  p.  82. 
]  See  especially  R.  D.  Irving,  Amer.  Jour.  Set.  Oct.  1887. 
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(1).    Ounfiint  lake.    The  Expansion. 

The  general  featureA  of  the  expansion  may  be  learned  from  the 
«mall  map.    Figare  32,  beyond. 

N.  E.  i,  N.  E.  i,  sec.  13,  T.  65-4.  Here  a  shattered  bluff  of  syenite 
attracts  attention.  The  blocks  lie  along  the  shore  in  enormous 
masses.  A  photographic  view  was  taken  from  a  small  island  facing 
the  «cene. 

S.  W.  i,  S.  E.  i,  sec.  13,  T.  65-4.  Bottom  of  western  bay  of  the 
expansion.  The  northern  shore  of  the  bay  presents  continuous  and 
conspicuous  outcrops  of  syenite  (650).  At  this  point  is  good  Saganaga 
syenite  in  an  enormous  outcrop. 

North  line,  sec.  23,  T.  65-4,  head  of  bay.  Here  ^are  only  syenite 
bowlders.  , 

N.  E.  i,  N.  E.  i,  sec.  24,  T.  65-1.  South  side  of  same  bay.  Sag- 
anaga syenite  outcrops. 

N.  E.  i,  sec.  24,  T.  65-6.    A  few  rods  further  south. 

Seeing  a  curious  crest-like  formation  at  summit  of  the  hill  south  of 
this  western  bay,  I  undertook  to  visit  it.  One-third  of  the  way  up,  an 
overturned  tree  exposes  some  slaty  fragments  which  prove  to  be  largely 
magnetite^but  partly  changed  into  hasmatite.  I  had  seeii  a  similar 
«tray  piece  of  slaty  magnetite  at  Gunflint  falls. 

Rock  651.    Magnetitic  schist  fragments. 

'Fragments  of  slate  as  I  proceed  are  frequently  seen  turned  up  by 
fallen  trees;  but  syenite  bowlders  are  abundant  on  the  surface. 

In  one  place  the  magnetic  rock  (652)  was  solid,  and  had  a  gray  wack- 
«nitic  aspect. 

S.  W.  i,  N.  E.  i,  sec.  24,  T.  65-4.    Near  the  crowning  crest. 

The  slate  becomes  flinty  (653)  with  evidences  of  a  near  outcrop. 

Near  here  are  many  fragments  of  a  diabasic  character,  judging  from 
microscopic  appearance. 

Rock  653.     Diabase  or  noryte,  near  the  crest. 

N.  E.  i,  sec.  24,  T.  65-4.  On  the  crest  half  a  mile  south  of  the 
bay.  An  outcrop  of  clearly  igneous  rock,  rising  in  a  precipice  facing 
northward,  and  ending  in  an  escarpment  on  the  west.  There  is  a  fine 
variety  having  the  external  aspect  of  diabase  (655).  There  is  a  coarser 
variety  with  tabular  feldspar  crystals  weathering  pale  greenish;  with 
masses  (not  lamallae)  of  a  black  mineral  probably  augite,  and  a  con- 
spicuous amount  of  a  black  shining  mineral  which  is  probably  mag- 
netite.   I  think  the  coarse  variety  may  be  called  gabbro  (654). 

N.  E.  i,  sec.  24,  T.  65^.     On  the  return,  at  summit  of  the  northern 
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of  the  two  ridges,  I  find  in  place,  a  rock  inclosing  schistic  pieces,  and 
otherwise  consisting  chiefly  of  grains  of  magnetite,  with  an  intersti- 
tial medium  of  light  color  looking  like  plagioclase,  and  in  places  shin^ 
ing  like  quartz — 656. 

The  summit  of  the  crest  visited  is  level  for  four  or  five  rods,  then  a 
depression  southward,  then  another  level  space  of  four  or  five  rods. 

A  few  rods  further  east  I  made  another  ascent  of  this  hill  in  conipa* 
ny  with  N.  H.  Winchell,  after  having  studied  all  other  points  in  the 
vicinity  of  Gunflint  lake.  I  made  another  traverse  of  this  ridge  be- 
tween Animike  bay  and  the  western  bay  of  Gunflint  swell  or  expan- 
sion. Syenite  bowlders  are  abundant  on  the  shore,  and  continue  up 
the  slope  to  the  very  summit.  About  one-third  of  the  way  up,  Ani- 
mike slate  fragments  appear.  On  the  first  low  rMge,  are  large  frag- 
ments of  a  rock  looking  like  undeveloped  ''muscovada"  (823),  and  in 
contact  with  magnetite.     Compare  with  rock  666. 

Rock  824.     Magnetite  in  contact  with  823. 

This  outcrop  undoubtedly  corresponds  with  that  before  seen  by  me 
at  N.  E.  i  sec.  24,  rock  656,  further  west. 

A  little  farther  up  the  hill  are  many  large  masses^  evidently  not  far 
out  of  place,  of  a  rock  substantially  a  quartzy  te  (825).  I  have  seen  it 
elsewhere  in  connection  with  Animike  slates.  It  consists  of  spherical 
grains  of  glassy  quartz  cemented  by  a  white  groundmass,  and  on  a 
weathered  surface  looks  finely  o6litic. 

S.  £.  i  N.  E.'isec.  24,  T.  65-4.  Proceeding  westward  along  the 
summit  of  this  ridge,  we  saw  a  gabbro  ridge  a  little  farther  north  and 
visited  it.  This,  undoubtedly  is  the  gabbro  cliff  seen  by  me  before — 
rock  654 — but  approached  now  from  a  different  direction.  The  bluffs 
here  is  about  ten  feet  high,  and  of  coarse  characteristic  gabbro.  This 
rests  directly  on  little  altered,  thin-laminated  slate  in  a  horizontal  po- 
sition, and  forms  the  most  northerly  illustration  seen  about  Gunflint 
lake,  of  the  juxtaposition  of  gabbro  and  Animike  slate.  We  did  not 
however,  aee  the  formations  in  place  nearer  than  fifteen  inches  of  each 
other;  but  we  saw  the  slate  in  several  places,  as  high  as  the  bottom  of 
the  gabbro  in  other  places. 

The  layers  of  the  slate  are  of  two  kinds;  1st,  a  blacu,  carbonaceous, 
iron-bearing  rock;  2d,  a  heavy  light  gray  rock.  Both  Icinds  are  often 
opposite  sides  of  the  same  laminse.  Both  kinds  are  equally  heavy.  This 
iron  is  not  magnetic,  but  in  the  bhiff,  a  cause  exists  of  disturbance  of 
the  needle. 

Rock  826.    Gray  and  black  iron-bearing  Animike. 

We  examined  the  fragments  of  slate  fallen  down  from  the  cliff,  iui 
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the  hope  of  some  trace  of  organic  remains ;  but  fonnd  nothing.  There 
IB,  howerer,  a  curiously  fitted  and  acrobiculate  surface  on  some  of  the 
layers  which  I  toofa  for  subsequent  study. 

Rock  82T.    Animike  elate  with  acrobiculate  surfaces. 

In  this  place  occurred,  also,  as  I  have  seen  elsewhere  in  the  Animike 
slate,  surfaces  of  laminae  covered  by  concave  depressionB  of  an  ovoid 
or  spherical  character,  resembling  what  the  elder  Hitchcock  niimed 
Batrachoidet  nidificana.  I  have  discoTerad  that  spheroidal  concretions 
between  laminte  sometimes  cause  such  appearance. 

Rock  828.     Gherty  concretions  producing  Batraehotdes  nidificans. 

S.  E.  i  N.  W.  i  sec.  19,  T.  65-3.  At  the  narrows,  American  side. 
The  gabbro  which  covers  the  hill  just  described,  abuts  on  the  shore  iu 
rude  basaltic  forms  90  to  35  feet  high.  The  level  of  the  base  of  the 
gabbro  here  is  fifty  feet  or  more  below  the  base  on  the  crest  of  the 
ridge  west  of  the  narrows.  This  fact  furnishes  evidence  that  the  gab- 
bro flowed  over  a  surface  already  deeply  eroded.  I  shall  present  m 
this  report  much  more  evidence  of  the  same  purport. 

A  study  of  this  gabbro-crowned  ridge  of  Animike  slate,  supplement- 
ed by  an  examination  of  the  slope  along  the  north  side  of  Animike 
bay  (to  be  described)  points  toward  relations  set  forth  in  the  following 
diagram : 


Fig.  81. — Rtlation  of  gabbro,  slate  and  syenite  nvtr  the  narrotca  efOun' 
flint  lake.     Sections  from  north  to  south. 

[NoTX.— The  uumberi  eipreisud  on  the  diagrftm  Indicate  Ihe  ptacen  where  rock 
Mmples  were  collected,  u  foltowB: 

126SII  the]oc«lltjforroch8<l51-2.        1263  ia  the  IncaUtj  for  rocka  652  (bisiand  653 
IMS  "  "         656  1364  "  "  654-5 

N.  H.  W-1 

Returning  now  to  the  north  shore  of  Ounflint  Swell,  we  find  Black 
Fly  bay  resting  on  the  faoks  of  a  syenitic  ridge  belonging  to  the 
Giant's  Range. 
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Fig.  32.  Map  of  localities  around  Black  Fly  bay^  northwest  part  ot 
Ounflint  lake.  (The  territory  is  Canadian  but  the  lines  of  the  Amer- 
ican land  surveys  are  extended  over  it.) 

NoTB. — Locality  numbers  correspond  to  rock  samples  as  follows: 


13S0  shows  the  locality  for  rock  716. 
1426  «  <*  819-21. 

1832  •«  ••  717-18. 

1333  "  "  719. 


1336  shows  the  locality  for  rock  720-21. 
1339  •«  "  722. 

1267  "  "  655  bl^. 


[N.  H.  W  1 

Sec.  18,  T.  65-3,  as  of  Minn.  Well  developed  syenitic  gneiss  (716) 
along  the  shore,  with  medium-sized  quartz  grains.  The  constituents 
have  a  gneissic  arrangement.  The  same  continues  to  the  extremity 
of  the  singularly  prolonged  narrow  point  of  the  bay. 

N.  E.  i,  sec.  18,  T.  65-3.  Bidge  of  syenitic  gneiss  north  of  Black 
Fly  bay.  Examined  carefully  at  many  points  and  as  far  as  the  sum- 
mit. The  rock  has  a  sort  of  groundmass  of  reddish  and  whitish  feld- 
spar, with  irregularly  elongated  cakes  of  quartz,  all  disposed  from  east 
to  west,  with  only  a  little  hornblende,  and  that  not  well  formed.  On 
the  whole,  it  much  resembles  the  gneiss  of  sec.  12,  65-3  W.,  as  of 
Minn.,  rocks  806-14,  (which  see  beyond).  It  further  resembles  it  in 
containing  fragmenia  of  hornblende  schist,  %hich  are  all  disposed  in 
the  same  direction.    I  feel  a  strong  confidence    n  the  opinion  that  if 
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the  region  of  approach  between  the  gneiss  and  the  probable  southward 
lying  Kewatin  schists  were  not  covered  by  this  bay,  we  should  witness 
the  same  kind  of  a  transition  from  one  to  the  other  as  certainly  exists 
north  of  the  east  end  of  Gunflint  lake.  (See  descriptions  further  on.) 
It  is  also  not  improbable  that  such  transitions  sometimes  occur  along 
the  line  of  strike  of  the  schistic  formation. 

Rock  819.    Syenite  gneiss. 

Rock  820.    Hornblende  schist  pebble  in  the  gneiss. 

Rock  821.    Contact  of  last  two. 

Extreme  point  of  Black  Fly  bay.  Beyond  this  a  valley  continues* 
which  is  greatly  obstructed  by  syenitic  bowlders.  There  would  have 
been  a  prospect  of  finding  the  rocks  which  intervene  between  the 
gneiss  and  the  Animike  hill  on  the  south  if  time  had  been  su£5cient 
for  the  overland  exploration.  •  Leaving  the  valley  I  ascended  the  hill 
on  the  south  side  of  Black  Fly  bay.  It  seems  at  first  almost  formed 
of  syenite  bowlders,  largely  of  the  Saganaga  variety  of  syenite. 

N.  W.  h  sec.  17,  T.  65-3,  as  of  Minn.  On  the  hill  and  hillside 
«outh  of  Black  Fly  bay.  Proceeding  westward  along  the  hillside  just 
below  the  crest,  in  search  of  an  outcrop  of  syenite  or  of  slate,  I  found 
fragments  of  slate. 

A  little  further  along,  large  fragments  of  iron  slate  dipping  still 
south — so  little  disturbed.  Continued  a  quarter  of  a  mile  along  this 
slope,  finding  slate  fragments  in  extreme  abundance,  but  not  any  un- 
disturbed ledge. 

Rock  717.     Magnetitic  slate  fragments,  as  above. 

Rock  718.    Granular  or  o6litic  magnetite. 

No  slatiness  is  seen  in  the  o6litic  magnetite,  but  it  is  included  in 
the  slate  formation. 

N.  W.  i,  sec!  17,  T.  65-3,  as  of  Minn.  Outcrop  of  slate  by  water's 
edge.  Dip  V,  S.  20°  W.  (by  needle).  This  is  about  sixteen  rods  from 
the  syenite  on  the  north  side  of  the  bay.  The  slate  is  banded  and 
siliceous  (719).     It  is  the  nearest  seen  to  the  syenite. 

S.  E.  i,  sec.  18,  T.  65-3,  as  of  Minn.  Slate  having  same  appearance 
as  last. 

S.  E.  i,  sec.  18,  T.  65-3,  as  of  Minn.  Extremity  of  cape  in  eastern 
line  of  Black  Fly  bay.     Rough  slate  dipping  T  southward. 

S.  E.  i,  sec.  18,  T.  65-3,  as  of  Minn.    Just  south  of  the  cape.    A 

^remarkable  display.     In  a  rounded,  naked  bluff  fifteen  feet  high,  is 

seen  the  aspect  of  a  conglomerate,  with  many  whitish  constituents. 

Examination  shows  it  to  be  a  portion  of  the  slate  formation  contorted 

in  a  striking  manner.    The  laminations  are  still  presented,  and  serve 
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to  eTince  the  disturbance.  There  are  some  quartzose  layers,  and  some 
quartz  veins.  Much  of  the  slate  has  assumed  a  flinty  constitution, 
and  some  laminae  are  of  red  jasper.  There  are  patches  of  what  I  hare 
called  odlitic  magnetite,  and  areas  in  which  the  spherules  are  sparsely 
scattered  in  a  somewhat  homogeneous  matrix  of  undetermined  char- 
acter. In  some  places,  the  crystalline  magnetite  sparkles  brilliantly, 
and  there  are  others  in  which  it  has  been  oxidized  by  water  and  burn 
ings,  into  a  crumbling,  ferruginous  mass,  like  the  waste  of  a  haema- 
tite mine. 

Rock  720.    Various  examples  of  the  slate  of  the  formation. 

Rock  721.    Magnetite  in  its  various  conditions. 

It  does  not  appear  whether  this  disturbance  has  resulted  from  action 
of  the  contiguous  syenite  or  the  equally  contiguous  gabbro.  With 
some  probability,  however,  it  is  connected  with  the  gabbro  overflow* 
Yet  another  explanation  remains. 

Observations  elsewhere  prove  that  the  syenitic  gneiss  is  older  than 
the  Kewatin  slates  and  that  these  are  older  than  the  Animike  slates; 
while  the  gabbro  is  more  recent  than  the  latter.  Disturbances 
of  the  Animike  therefore  must  be  attributed  to  the  latter.  But  it  is 
by  no  means  certain  that  the  flinty  and  jaspery  contortions  above  des- 
cribed could  have  been  caused  by  an  overflow  of  gabbro. 

Neither  does  it  appear  probable  that  the  magnetite  is  accumulated 
in  quantities  of  commercial  importance.  Every  occurrence  is  local 
and  limited.  An  unlimited  quantity  is  held  in  the  formation;  but  like 
the  magnetite  of  Penokee  Gap,  it  is  too  much  dispersed. 

N.  E.  i,  N.  E.  i,  sec.  19,  T.  65-3,  as  of  Minn.  Altered  slate  like  that 
last  described. 

N.  W.  i,  sec.  20,  T.  66-3,  as  of  Minn.  Seeing  a  high  crag  off  the  head 
of  this  little  southeastward  projecting  bay,  I  landed  to  visit  the  spot. 
Here  a  ledge  of  magnetitic  slate  outcrops. 

S.  W.  i,  N.  W.  i,  sec.  20,  T.  65-3,  as  of  Minn.  The  crag  proved  to 
be  an  enormous  buttress  of  coarse  gabbro  resting  on  well  laminated 
slate,  and  presenting  the  striking  profile  exhibited  in  part  in  the  dia- 
gram, fig.  33. 

Much  of  the  slate  is  flinty,  and  most  of  it  contains  much  maguetite 
(722).  Some  of  the  gabbro  is  very  coarse  and  tends  to  decay ;  the  finer 
is  more  solid.  There  are  patches  showing  large  parallelopipedons  of 
feldspar — like  the  sanidine  in  the  trachyte  of  the  Drachenfels.  It 
tends  toward  rude  columnar  shapes,  some  of  which  are  quite  imitative 
of  true  basalt. 
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N.  E.  if  sec.  19,  T.  65-3,  as  of  Minn.  Contorted  slate.  Gabbro  can 
'be  seen  on  the  hill  in  the  background. 

At  the  narrows,  east  side.  Gabbro  (655  bis)  as  already  described  on 
'the  west  side.  The  gabbro  crowning  the  hill  north  of  Animike  bay 
<iontinues  in  the  hill  south  of  the  body  of  Black  Fly  bay;  and  prob- 
ably continues  into  the  high  bluff  Tisited  in  the  N.  W.  i,  sec.'^  20,  T. 
45-3,  as  <of  Minn. 

(2)    Ounflint  lake^  west,  south  and  east  shores. 

From  the  narrows  the  basaltiform  gabbro  continues  into  the  mouth 
of  Animike  bay. 


r-^^. 


Fig.  34.     Localities  in  the  vicinity  of  Animike  bay,  Ounfiint  lake. 

Htlt  numbers  on  thie  map  correspond  as  follows  to  rock  samples  collected: 

1267  to  rock  <U  bis,  1268  to  rock  666  bis,  1S89  to  rocks  667-9.  W\  to  rock  660,  ItTS  to  rocks  661-3, 
^274  to  rock  661,  1276  to  rocks  6«6.7I,  and  1276  to  rock  679.  N.  H.  W. 

S.  W.  i,  N.W.  i,  sec.  19, T.  65-3.  Diabase  (or  noryte)  inclosing  nod- 
«iles  of  pale,  amber-colored  striated  feldspar. 

Rock  656  (bis).  Diabase  (noryte  ?)  with  much  magnetite.  Per- 
haps  only  a  yery  fine  condition  of  the  gabbro. 

S.  W.  i.  N.  W.  i,  sec.  19,  T.  65-3.  Mouth  of  Animike  bay,  north 
side.  Rock  like  rock  656  in  structure,  but  without  magnetite — having 
a  feldspathic  ingredient  insteadt  Many  small  fragments  of  black  min- 
eral sometimes  resembling  charcoal — perhaps  anthracite.  In  places  it 
holds  a  multitude  of  rounded  pebbles,  and  forms  a  conglomerate  with  a 
.cherty  groundmass.  Generally  it  contains  magnetite  in  such  places, 
:and  this  is  sometimes  accumulated  in  much  purity.  The  following 
•specimens  illustrate  the  yarieties: 

Rock  6S7.    Fine  gabbro  without  magnetite. 
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Rock  658.    Couglomeritic  variety  as  above. 
Rock  659.    Magnetilic  specimens. 

This  formation,  in  spite  of  its  massive  appearance,  in  many  places^ 
is  really  bedded.  One  of  the  specimens  of  659  shows  it.  On  making: 
a  trip  up  the  hillside,  I  find  places  really  slaty,  and  partially  argillitic,.. 
but  generally  magnetitic. 

The  bedding  of  this  formation  is  nearly  horizontal.     All  the  large 
fragments  near  the  shore,  too  fresh  and  angular  to  have  been  much< 
moved  from  place,  are  horizontally  bedded.    Not  a  fragment  stands- 
on  edge.     On  the  hillside,  the  outcropping  ledge  appears  quite  clearly, 
to  possess  horizontal  bedding. 

So  much  then  is  settled : — these  are  characters  of  the  Animike  for- 
mation. 

N.  E.  i,  S.  W.  i,  sec.  24,  T.  65-4.  Four  rods  along  the  shore  west- 
ward, the  noryte  comes  to  the  shore;  as  it  also  does  six  rods  east  of: 
the  last  locality. 

N.  E.  i,  S.  E.  h  sec.  24,  T.  65-4.  North  shore  of  Animike  bay,  a., 
few  rods  further  westward.     Horizontal  magnetite  slate  (660). 

This  bears  an  extreme  resemblance  to  the  magnetitic  slates  of  Pen- 
okee  gap— as  the  latter  slates  reminded  me  when  there,  of  the  Huroniaiii 
slates  north  of  lake  Huron  which  I  had  then  recently  examined. 

N.  E.  i,  S.  E.  i,  sec.  24,  T.  65-4.  North  side  of  Animike  bay^ 
The  ledge  of  noryte  comes  to  the  shore  again,  standing  in  great  ver-^ 
tical  flakes.  But  fifteen  feet  west,  finely  characteristic  slate,  welti 
banded  and  tending  readily  to  split,  is  seen  resting  in  place  (661),  in. 
a  horizontal  attitude.  This  is  clear,  and  incapable  of  question.  The- 
formation  is  rather  fiinty. 

Immediately  under  these  banded  slates  is  a  massive  layer  of  almost: 
pare  magnetite  (662)  at  least  fifteen  inches  thick. 

These  observations  show  that  the  slates  seen  on  the  northern  slope^ 
of  this  hill  are  of  this  formation,  and  that  they  repose  on  the  syenite^ 
at  least  on  the  north  side,  and  have  been  overflowed  by  gabbro  from 
vent  remote  or  contiguous.  A  section  across  the  hill  would  be  there- 
fore as  already  shown  in  fig.  31.  The  following  observations  confirniH 
this  conclusion. 

Rock  662.    Magnetite  in  a  band  fifteen  inches  thick,  as  mentioned; 
above.    It  breaks  into  flakes  at  right  angles  with  the  bedding. 
Rock  663     Magnetite  from  the  laminated  portion. 
Near  western  extremity  of  Animike  bay. 

The  slates  outcrop  in  a  low  ledge  on  the  immediate  shore,  and  show 
a  dip  nearly  south,  or  a  little  east  of  south,  at  an  angle  of  5%  as  showxL 
below. 
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Fig.  36,     Exposure  of  Animike  slate  near  head  of  Animike  iai/,  Gun- 
Jiint  lake. 

S.  E.  1,  S.  E.  i,  sec.  24,  T.  65-6.  North  of  extremity  of  Animike 
bay.  Twelve  rods  from  the  water,  on  the  hillside,  the  slates  outcrop 
in  a  thinly  laminated  condition  (661).  I  counted  116  laminae  in  the 
-space  of  twenty-two  and  a  half  inches.  The  formation  has  a  dip  of 
8°  toward  S.  20°  E.     It  is  quite  magnetitic. 

A  few  steps  further  up  the  bill.  Here  w«  have  a  clear  demonstra- . 
-tion  of  an  overflow  of.noryte  and  gabbro  on  the  slate.  The  following 
drawing  was  made  on  the  spot,  fig.  36. 
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Fig.  36.     Relation  of  baaalUform  gabbro  and  slate,  near  head  of  Ammike 
bay.    Looking  north, 

fig.  37.    Belation  of  basaltiform  gabbro  and  slate,  near  head  of  Animike 
bay.    Looking  msst,  and  thomng  dip  of  the  sUUe. 

The  gabhro  near  the  contact  is  charged  with  magnetite,  but  a  few 
feet  above,  it  is  quite  characteristic.  The  slate  also  becomes  harder 
and  more  magnetitic  near  the  contact. 

Rock  666.     ijlate  1^  inch  from  gabbro  (Ticket  is  on  upper  side.) 

Rock  666.     Magnetitic  slate  in  absolute  contact. 

Rock  e6T.    Gabbro  in  contact  with  666 

Rock  668.    Oabhro  five  or  six  feet  higher  than  667. 

Rock  669,     Oabbro  six  inches  above  667. 

Sock  670.     Qabbro  twelve  inches  above  667. 
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Rock  671.     Gabbro  eighteen  inches  above  667. 

Head  of  Animike  bay.  Here  within  eight  rods  of  the  shore,  is 
another  contact  of  a  similar  kind,  which  is  exposed  for  a  distance  of 
more  than  75  feet. 

Rock  672.    Magnetitic  slate  a  foot  below  contact  with  gabbro. 

South  of  west  extremity  of  Animike  bay.  A  hill  here  75  feet  high 
is  composed  of  slates  similar  to  those  seen  in  fig.^35. 

The  outcrop  extends  to  the  shore. 

S.  W.  i,  sec.  19,  T.  66-3.  Middle  of  south  shore,  Animike  bay.  Slate, 
•considerably  crumpled  and  broken;  but  this  may  be  an  incident  of 
^denudation. 

Close  by  this,  eastward,  a  larger  outcrop,  less  slaty  than  usual,  in- 
•cluding  large  lenticular  compact  portions. 

The  next  small  bay  south  of  Animike  is  not  represented  on  the  plat, 
and  is  separated  from  Animike  by  a  long  spit  also  not  represented.  In- 
to the  head  of  this  little  bay  empties  a  deep  and  slow-flowing  stream 
up  which  I  ascended  until  canoe  navigation  was  interrupted. 

N.  E.  i,  N.  E  i,  sec.  25,  T.  65-4.  About  a  third  of  a  mile  up  the 
jriver,  in  sec.  24,  on  the  the  south  side,  is  a  high  cliff  of  slate,  in  a  near- 
ly horizontal  position.  I  did  not  ascertain  whether  gabbro  is  at  the 
top. 

A  great  quantity  of  magnetitic  slate  has  fallen  down  in  a  talus. 

On  the  north  bank  of  this  stream,  the  mafi^netitic  slate  makes  a  low, 
smooth-surfaced  outcrop,  giving  the  appearance  of  graywacke;  but  ex- 
amination proves  its  character. 

Memorandum  —According  to  the  testimony  of  Mr.  Buddie,  an  intelligent  ex- 
plorer and  mine  master,  the  same  horizontal  condition  of  this  formation  continues 
throQgh  sec   33,  T.  65-4 

N.  E.  i,  sec.  25,  T.  65-4  Magnetitic  slate  in  great  solid  masses — 
rock  673. 

N.  W.  i,  sec.  30,  T.  65-3.  West  end  Qunflint  lake.  Here  is  the  ex- 
traordinary occurrence  of  a  sandy  beach. 

Here  I  found  camped  a  party  of  explorers  for  iron.  Mr.  Buddie,  in 
•charge  informed  me  that  in  sec.  23,  T.  65-4,  he  had  luncovered  mag- 
netic iron  ore  for  a  distance  of  1,600  feet.  It  lies  almost  horizontal, 
and  is  similar  to  that  seen  in  sec.  24.  This  is  all  to  the  south  of  the 
Giant's  Range  (v.  page  80). 

A  gap  through  the  Mesabi  Range  south  of,  here,  which  makes  a 
conspicious  feature  in  the  southern  horizon  as  viewed  from  the  nar- 
rows, is  limited  on  the  east  and  west  by  corresponding  precipitous  es- 
carpments and  seems  to  be  a  suitable  place  for  a  trail  southward.  The 


S48  8IXTBBKTH  AKNUAL  BBPOBT 

Indians  consider  the  gap  as  caused  by  a  subsidence.  The  cliff  on  the 
west  is  undoubtedly  an  interruption  of  the  ridge  visited  about  a  third 
of  a  mile  up  the  river  in  sec.  24.  It  does  not  appear  from  a  distance 
that  this  range  is  gabbro-crowned;  but  from  other  positions  along  the 
lake  the  gabbro  is  obvious. 

N.  W.  i,  N.  E.  i,  sec.  30,  T.  65-8.  North  side  of  long  point.  Slate 
occurs  all  along  this  point  and  at  the  extremity.  I  made  an  excursion 
to  the  summit  of  the  ridge,  hut  found  no  indications  of  eruptive  rock. 

N.  E.  i,  S.  E.  i,  sec.  30,  T.  65-3.  Main  shore  south  of  point.  I  de> 
termined  to  visit  the  cliff  about  half  a  mile  inland.  This  is  a  contin- 
uation of  the  ridge  mentioned  on  sec.  24.  About  half  the  way  up  I 
found  slate.  • 

S.  E.  h  S.  E.  i,  sec  30,  T.  66-3.  At  foot  of  cliff.  This,  proves  to  be 
gabbro  (674)  of  the  coaser  sort.  The  cliff  is  about  15  or  18  feet  high» 
above  the  talus. 

N.  E.  i.  N.  W.  h  sec.  32,  T.  65-3.  At  summit  of  hill.  The  outlook 
from  here  is  wide  and  full  of  scenic  interest.  Looking  northward, 
a  range  of  mountains  stretches  east  and  west  along  the  horizon,  ap- 
parently six  to  ten  miles  distant.  From  the  west  it  reaches  to  the 
river  entering  the  northern  swell  or  expansion  of  Ounflint  lake,  grad- 
ually lowering  as  it  approaches  the  stream.  White  rocks  can  be  seen 
exposed  at  numerous  places.  The  same  range  extends  on  the  east  or 
Canadian  side  of  the  stream,  and  its  slopes  are  very  frequently  marked* 
by  white  syenite  exposures.  These  hills  are  part  of  the  Giant*s 
Range. 

In  the  nearer  foreground  are  seen  the  narrows  and  the  mouth  of 
Animike  bay  and  the  shore-line  features  toward  the  east. 

I  made  a  sketch  of  this  interesting  landscape,  and  afterward  decided 
that  it  ought  to  be  photographed.  Accordingly  I  returned  to  the  ca- 
noe and  brought  photographic  apparatus  and  Mr.  Grant,  and  the  event 
proved  that  the  views  obtained  were  entirely  satisfactory.  They  are 
reserved  like  others  for  the  final  report. 

N.  W.  i,  N.  W.  i,  sec.  28,  T.  65-8.  To  this  point,  a  mile  from  the 
point  on  the  shore  at  which  the  cliff  was  visited  no  outcrops  were 
seen.  The  slope  is  densely  covered  with  young  poplars.  Here  is  a 
ledge  of  slate  four  or  five  feet  high,  rather  thin -laminated. 

N.  E.  i,  N.  W.  i,  sec.  28,  T.  65-8.    No  outcrop  is  found  here,  but 
it  seemed  best  to  examine  the  fragments.    They  are  mostly  gabbro,  of 
the  variety  which  occurs  a  short  distance  above  the  slate.     But  some- 
are  massive  magnetitic  layers  from  the  slate.    The  latter^  to  the  eye, 
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much  resembles  the  former.     Here  also  are  some  samples  of  the  coarse 
tgabbro. 

Rock  675.     Macvnetitic  rock,  apparently  from  the  slate. 

Rock  676.    A  peculiar  variety  of  gabbro. 

N.  W.  i,  N.  W.  i,  sec.  27,  T.  65-3.     Small  point  on  south  shore 
The  beach  is  strewn  with  a  great  assortment  (677)  of  striking  pebbles 
— mostly  flinty  and  jaspery,  and  evidently  derived  from  the  slate. 

Rock  677.     Collection  of  jaspery  and  flinty  pebbles. 

Rock  678.    Curiously  banded  flint  pebble. 

S.  E.  i,  S.  E.  i,  sec.  23,  T.  65-3.  Near  west  point  of  strait  to  small 
•elongated  bay,  south  side.  A  couple  of  rods  back  from  the  shore  is  a 
bluflF  of  gabbro  (679).     It  seems  unusually  heavy. 

This  bluff  does  not  break  down  aad  form  any  talus. 

The  wall  of  gabbro  continues  east  and  strikes  the  shore  before 
reaching  the  extremity  of  the  point. 

S.  £.  i,  S.  E.  i,  sec.  23,  T.  65-3.  Extremity  of  point  at  strait. 
Oabbro  much  flner  than  No.  679,  and  much  less  characteristic  (680); 
but  it  is  a  prolongation  of  the  back  part  of  the  same  bluff. 

Opposite  (east)  point  of  strait.  Continuation  of  gabbro,  forming 
a  knob  60  feet  high.  This  gabbro  ridge  appears  to  be  the  running  out 
of  the  high  range  visited  N.  W.  i,  N.  W.  i,  sec.  32,  65-3,  and  in 
which  occurs  the  abrupt  notch  through  the  Mesabi  range  referred  to. 

The  course  of  the  range  is  less  eastward  than  the  axis  of  the  lake. 
Hence  all  gabbro  ranges,  both  sides  of  the  lake,  as  will  appear,  make 
a  small  angle  with  that  axis — those  on  the  south  side  retreating  inland 
toward  west  by  south  or  west  southwest,  and  those  on  the  north  side 
retreating  inland  toward  east  by  north  or  east  north-east.  But  back 
(south)  of  the  range  which  runs  out  at  this  knob  rises  another  similar 
and  parallel  range,  on  the  south  side  of  which  lies  Loon  lake. 

About  a  mile  east  of  this  bay  occurs  another,  entered  through  a 
broader  strait. 

S.  W.  i,  S.  W.  i,  sec.  19,  T.  65-2.  Farther  (eastern)*  point  of  the 
bay.     No  outcrop  of  rock;  but  a  bowlder  beach. 

S.  W.  i,  S.  W.  i,  sec.  19,  T.  65-2.  Commencement  of  eastern  end 
of  Gnnflint  lake.  Gabbro  (681)  in  a  low  outcrop  at  the  beach.  All 
ike  shore  along  here  is  strewn  with  angular  fragments  resembling  the 
same. 

N.  W.  i,  S.  E.  i,  sec.  19,  T.  65-2.    A  gravel  beach  presenting  a  gray 
appearance  with  the  diversified  colors  of  its  pebbles  blood-red,  dull- 
red,  banded,  black,  gray  and  white,  all  siliceous;   many  of  them  are 
beautifully  translucent  flint;   others  the  most  fine-textured  jasper. 
32 
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Collected  an  assortment  (682).  All  these  must  be  in  place  somewhere 
on  the  north  shore,  or  below  water-level,  for  they  certainly  do  not  so- 
occur  along  the  southern  shore.  • 

The  remainder  of  the  eastern  end  of  the  lake  presents  no  rocky  out- 
crops Two  low  green  points  extend  into  the  lake,  bowlder- covered 
and  sandy.  A  chain  of  small  islands  lies  between  them,  and  these 
appear  to  be  simply  bowlder-formed. 

(3)    North  side  of  Gunflint  lake. 

It  will  be  most  convenient  to  return  to  the  Narrows  and  follow  the 
north  shore  toward  the  eust. 

N.  E.  i,  sec.  19,  T.  65-3,  as  of  Minn.  Low  outcrop  of  dark  rock 
appearing  stratified  vertically;  and  I  can  find  no  trace  of  other  strati- 
fication. Still,  this  fine,  almost  aphanitic,  diabase-looking  rock  (723)- 
belongs  to  the  slate  formation.  It  contains  much  magnetite,  and  the 
lighter  mineral  looks  more  siliceous  than  feldspathic. 

This  condition  of  the  Animike  is  to  be  compared  with  that  seen  on 
the  north  shore  of  Animike  bay,  especially  Rock  662  from  a  locality 
not  more  than  half  a  mile  distant.  The  massive  rock  seen  on  the 
river  shore  too,  with  a  smooth-surfaced  outcrop  is  similar.  These  may 
all  be  outcrops  of  the  same  bed. 

S.  E.  i,  sec  19,  T.  65-3,  as  of  Minn.  Outcrop  similar  to  the  last. 
These  are  striking  examples  of  the  complete  disappearance  of  the 
sedimentary  structure  and  its  replacement  by  a  system  of  parallel 
jointage  in  a  position  nearly  vertical  to  the  original  bedding. 

On  a  later  occasion  I  visited  this  locality  for  the  purpose  of  assur- 
ing myself  that  the  vertical  structure  does  not  pertain  to  an  outcrop 
of  the  vertical  slates  Feen  fnrther  east  on  this  shore.  The  following 
are  my  notes  on  the  second  visit.  "  The  formation  is  not  Eewatin. 
What  I  have  said  is  correct.  Although  the  rock  is  so  dark  and  heavy, 
it  does  not  affect  the  needle.  I  suspect  much  anthracite  or  graphite 
mingled  in  it. 

Rock  817.     Dark  massive  Animike. 

"  It  is  not  improbable  that  the  rock  is  on  the  border  line  between 
Animike  and  gabbro.  However,  in  travelling  along  the  north  shore 
of  Animike  bay  again,  I  notice  that  an  identical  rock  is  embraced 
within  the  slates.  I  obtained  another  hand  specimen  of  Rock  66*3.  It 
is  almost  incredible  however  that  the  mass  at  S.  E.  i,  sec.  19,  65-3. 
should  be  inclosed  in  the  slates;  and  the  jointed  condition  is  also 
Hgainst  the  supposition.  It  must  be  concluded  that  almost  identical 
rocks  are  embraced  in  the  slates  and  the  gabbro." 
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Memorandum. -^ThiB  is  piohMy  correct.  In  Diany  places  subsequently  visited 
the  line  of  the  junction  between  gabbro  and  slate  .was  very  uncertain.  Each  for- 
mation has  exerted  an  action  on  the  other.  This  is  revealed  in  approximate  mineral 
constitution  and  rock  structure.  •  A  rude  coiumniform  arrangement  often  appears 
in  the  slates  for  several  feet  below  the  contact.  In  other  places  however,  the  evi- 
dence of  mutual  influence  is  w'holly  wanting. 

S.  W.  i,  sec.  20,  T.  65-3,  as  of  Minn.  Slate,  exposed  along  the 
slope  of  the  hills.  In  one  place  it  presents  a  dip  of  21^,  N.  20°  E  ; 
but  it  varies  locally,  and  I  feel  persuaded  that  it  has  fallen  or  slid  out  of 
position.  Farther  along  (eastward)  it  dips  in  various  directions;  and, 
in  the  course  of  16  rods,  it  presents  the  crumpled  and  altered  condi- 
tion of  the  slate  seen  at  sec  18,  65-3,  as  of  Minn.,  rocks  720-721.  The 

shore  is  strewn  with  angular  fragments  of  the  banded  flinty  slate. 

N.  W.  i,  sec.  21,  T.  65  3,  as  of  Minn.  The  formation  here  is  in 
the  condition  of  a  breccia  consisting  of  angular  fragments  of  magnet- 
ic slate  (723  bis  and  818)  imbedded  in  a  matrix,  of  finely  granular 
rock 

This  breccia  crumbling  to  pieces  makes  the  pebbly  beach  around 
the  point. 


Fig.  38.     Brecciated  condition  of  the  Animike  formation,  north  side  of 

Ounftint  lake. 

The  brecciated  condition  can  be  seen  along  the  shore  for  a  quarter 
of  a  mile. 

These  localities  of  breccia  are  about  a  mile  and  a  half  nearly  east 
from  the  interesting  locality  in  Black  Fly  bay.  They  are  all  apparently 
oatcrnps  of  the  mame  horizon  in  the  Animike.  The  horizon  is  not  far 
from  the  contact  with  older  terranes;  but  this  does  not  prove  the 
brecciated  bed  and  the  (newer)  magnetitic  bed  to  hold  positions^near 
the  base  of  the  Animike.     They  may,  on  the  contrary  belong  [near 
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the  top  of  the  Animike.  But  the  proximity  of  the  gabbro  to  the  mag- 
netitic  bed  would  not  prove  this,  since  the  gabbro  simply  rests  on 
what  was  the  actual  surface  at  the  time  of  overflow.  The  slight 
southward  dip  of  the  Animike,  however,  would  indicate  that  the 
breccia  and  magnetite  belong  to  the  later  stages  of  the  period. 


Pigs.  39  and  40.     Two  aupposable  relations  of  the  Breccia  and  Ma*^- 

netitic  bed  in  (he  formation. 
A,  Animike;  G,  Gabbro;  0,  Older  terrane;  m,  Magnetite;  b,  Breccia. 

The  relation  of  the  Animike  to  the  older  formation,  which  is  shown 
in  Fig.  39  explains  how  the  proximity  of  m  and  i  to  0  would  be  com- 
formable  with  the  theory  that  they  belong  in  the  upper  part  of  the 
Animike.  It  implies  that  the  Animike  was  deposited  on  a  sinking 
sea-bottom — as  on  other  grounds  was  probably  the  fact. 

The  relation  of  the  Animike  and  older  formation,  which  is  shown  in 
Fig.  40  explains  how  the  proximity  of  m  and  i  to  0  would  be  com- 
patible with  the  theory  that  they  belong  to  the  hioer  part  of  the  Ani- 
mike. It  implied  that  after  the  deposit  of  the  Animike,  the  con- 
tiguous land  was  uplifted. 

Observation  shows  that  the  dip  of  the  Animike  is  not  conform- 
able with  the  visible  or  probably  the  conceded  slope  of  the  surface  of 
the  older  terrane  as  in  Fig.  40,  but  that  it  is  unconformable,  having  a 
▼ery  gentle  dip  southward,  as  ia  Fig.  39.  Hence  reasoning  from  the 
facts  thus  far  presented  it  may  be  concluded  that  the  magnetitic  bed 
is  near  the  top  and  not  near  the  bottom  of  the  Animike,  as  has  been 
suggested  for  the  Thunder  bay  region. 

Sec.  21,  T.  65-3,  as  of  Minu.  Animike  beds  containing,  as  nearly  as 
i  can  judge  in  the  field,  a  large  proportion  of  iron  carbonate. 

Rock  816.  Iron  carbonate  with  argillaceous  and  siliceous  matter, 
AS  macroscopically  determined. 

Sec.  16,  T.  65-3,  as  of  Minn.  Isceuded  a  small  hill  forty  rods 
back  from  shore,  thinking  possibly  it  might  be  the  terminal  knob  of 
the  range  of  vertical  slates  exposed  a  mile  east  of  here.     It  proved  to 
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be  underlaid  by  Animike.  So  far  as  I  foand  rocks  in  place,  I  saw  only 
a  £ray  ledge  somewhat  resembling  ''muscoTado."  It  seems  to  be 
composed  of  fine  quartz  and  feldspar  with  glistening  scales  like  sericite. 
There  are  rdsted  surfaces  which  indicate  also,  as  I  think  the  presence 
of  iron  carbonate. 

Rock  815.     Incipient  muscovado? 

N.  W.  i,  sec.  22,  T.  65-3,  as  of  Minn.  A  knob  of  gabbro  resting 
on  Animike  slates.  This  continues  near  the  shore,  and  finally,  on  a 
change  in  trend  of  coast  line,  retreats  across  the  country. 

N.  W.  i,  sec.  22,  T.  65-3,  as  of  Minn.  A  low  outcrop  of  f,  dark 
gray  rock  (724)  similar  to  that  at  sec  19,  65-3,  as  of  Minn.,  (the  mag- 
netitic  bed),  and  similarly  jointed.  But  examination  shows  a  coarser 
texture  and  some  recognizable  faces  of  dark  augite.  If  this  belongs 
to  the  Animike  the  rock  is  highly  altered.  It  may  be  a  portion  of  the 
gabbro  immediately  superjacent.  Following  my  usage  I  shall  desig- 
nate it  noryte  (?). 

N.  E.  i,  sec.  22,  T.  65-3,  as  of  Minn.  At  the  point  of  a  long  slender 
p«niasula  setting  east  southeast  from  the  main  land.  A  pile  of  thin 
laminated  slate  going  to  decay. 

N.  E.  i,  sec.  22,  T.  65-3,  as  of  Minn.  Small  islet  of  medium  grain- 
ed gabbro.  It  is  cut  by  divisional  planes  running  N.  60°  E.  into  great 
sheets  which  stand  like  piled  lumber  dipping  at  an  angle  of  82°. 

This  is  a  mass  of  gabbro  at  the  water  level,  and  its  continuation 
half  a  mile  westward  would  bring  it  into  the  position  of  the  so-callde 
"noryte*'  ?  rqpk  724. 

N.  E.  i,  sec.  22,  T.  65-3,  as  of  Minn.  Main  land  directly  opposite 
the  gabbro  islet.  Here  is  a  genuine  surprise.  Here  are  true  argillytes 
(725  and  789)  standing  nearly  vertical.  They  are  not  at  all  ambig- 
uous. They  ,are  the  Knife  Lake  slates  preserving  to  this  point,  their 
steady  verticaliiy,.  and  here  remaining  uncovered  by  Animike.  This 
looks  like  a  solution  of  a  vexed  problem.  The  Animike  and  the  Ver- 
milion slates  are  not  one. 

Here  is  no  magnetite  structure.  The  dip  is  S.  89°.  The  strike  of 
the  sheet  is  N.  72°  E. 

This  spot  was  visited  four  different  times.  I  discovered  that  the 
broad  sides  of  the  vertical  sheets  were  sometimes  marked  by  a  '^rain" 
like  that  of  wood;  and  that  it  presented  a  pretty  uniform  dip  of  67^ 
eastward. 

Rock  729.    Slate  showing  sedimentary  structure  and  grain. 

These  vertical  slates  appear  close  by  the  water's  edge,  the  exposure 
being  the  front  slope  of  a  hill  about  twenty  feet  high.    It  seemed  de* 
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sirable  to  ascertain  what  lies  back  of  this  hill  on  the  landward  side 
So  crossing  an  intervening  swampy  depression  I  ascended  the  first 
higher  hill. 

S.  E.  i,  sec.  15,  T.  65-3,  as  of  Minn.  Summit  of  rangd  one*fourth 
mile  back  from  shore.  Here  are  the  ashen-bleaching  argillytes.  The 
color  may  be  due  to  sericitic  matter,  for  that  is  obviously  present  in 
places.  Their  dip  is  67°,  varying  to  74%  in  direction  S.  2V  E.  They 
present  a  very  familiar  aspect.     Rock  726. 

Other  eminences  in  the  east  and  west  continuation  of  these  two 
ranges  jould  be  seen,  presenting  the  same  argillitic  color  and  aspect. 
A  higher  range  also  now  appeared  farther  inland,  the  rock  exposures 
on  which  were  evidently  similar  to  those  of  the  two  front  ranges.  But 
no  opportunity  existed  at  the  time  for  penetrating  further.  A  subse- 
quent exploration  by  Mr.  Stacy  will  be  referred  to  in  the  sequel. 

The  following  sketch-map  has  been  prepared  for  the  purpose  of 
showing  as  precisely  as  possible  the  interesting  facts  observed  respect- 
ing the  relations  existing  between  the  vertical  argillitic  slates  and  the 
Animike  slates : 

The  locality  numbers,  expressed  on  the  map,  next  page,  correspond  to  the  follow- 
ing rock  numbers: 

1298  indicates  the  locality  for  rock  688-90      1361  indicates  the  locality  for  rock  737 

It  t»  n  788-40 

II  II  II  741.2 

II  II  II  799 

»»  »»  »»  800-3 

II  II       b   II  304 

»»  ♦»  "  806 

"  "  "  806-14 

II  II  M  815 

[N.  H.  W.] 

N.  E.  i,  sec.  22,  T.  65-3,  as  of  Minn.  The  Kewatin  slates  are  a  little 
sericitic — rock  727. 

N.  £.  i,  sec  22,  T.  65-3,  as  of  Minn.    Vertical  argillyte  continues. 

N.  W.  i,  sec.  22,  T.  65-3,  as  of  Minn.  Vertical  argillyte.  The  for- 
mation  continues  in  the  hill  four  rods  back  from  shore,  as  far  as  the 
head  of  little  bay,  and  farther  strikes  toward  the  main  shore  of  the 
lake.  'But  I  have  not  been  aY>le  to  find  these  slates  along  the  shore 
west  of  the  cape.  Every  exposure  in  front  of  this  now  reveals  Ani- 
mike. But  I  feel  confident  the  Eewatin  could  be  traced  overland  far 
toward  the  head  of  Black  Fly  bay,  where  the  Animike  comes  within  a 
few  feet  of  the  syenite.  The  Eewatin  would  thus  be  found  passing 
under  the  Animike. 
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N.  W.  i,  sec.  22,  T.  65-3,  as  of  Minn.  This  is  the  nearest  approach^ 
of  A.nimike  exposures  to  Eewatin  exposures  in  this  (firection.  Here- 
are  thin  laminated  slates  with  a  low  dip  southward.  This  point  is 
less  than  an  ei|;hth  of  a  mite  from  the  last. 

The  following  diagram  evidently  illustrates  very  nearly  the  struc- 
tural relations  of  three  contrasted  terraces  occnrring  in  this  vicinity: 


Fig.  42.  Uluitrating  the  relations  of  the  Eewatin,  Animike  and  Noryte 
on  the  north  shore  of  Gunjlint  lake.  Being  a  section  along  the  line 
A  B  on  the  sketch-map.  Jig.  41. 

In  flgure  42  the  number  1346  showa  where  the  rock  sarapJe  724  w&s  collected. 

N.  H.  W. 

N.  E.  i,  sec.  22,  T.  65-8,  as  of  Minn.  High  vertical  bluff  of  sericilic 
argillyte— 728. 

The  bluff  presents  a  series  of  rock  slates  facing  almost  exactly  south, 
and  standing  in  a  position  precisely  (vertical.  Bat  there  is  a  grain 
seen  on  each  face,  which  dips  57°  eastward.  One  might  at  first  sus- 
pect this  to  denote  the  true  sedimentary  bedding.  The  objections  to 
this  view  are  the  facts  that  no  contrasts  of  color  or  texture  are  notice- 
able in  the  direction  across  these  lines,  while  in  the  direction  across 
the  vertical  plates  contrasted  bands  of  color  and  texture  can  be  plainly 
seen.  The  rock  specimen  729  taken  here  shows  both  structures.  The 
same  is  true  of  730  and  736.  Further,  no  laminations  or  separable 
beds  exist  in  conformity  with  the  grained  structure.  Itremains  then 
to  inquire  after  the  cause  of  such  structure. 

9.  W.  \,  sec.  ]4,  T.  65-3,  as  of  Mino.  Another  high  cliff  presenting- 
vertical  slates  sidewise  to  the  lake,  but  a  little  obliquely.  It  is  a  soft 
argillyte  of  a  pale  blue-gray  color.  Strike  of  the  slate  N.  i'i"  E.  Dip- 
of  the  obscure  grained  structure  50°  nor t)jeast ward. 

Rock  730.     Argillyte  sbowingtbotb  bedding  and  graining. 

S.  W.  1,  sec.  14,  T.  65-S,  as  of  Minn.  Sericitic  argillyte  (731)  stud- 
ded with  quartz  grains. 
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This  is  not  well  marked  sericitic  argillyte.  It  closely  resembles  tbe 
vertical  slates  along  the  ITth  Arm  of  Knife  lake  which  were  named 
propisionall;  porphjrellyte.  This  then  would  be  quartz  porphyrel. 
It  may  prove  to  be  parophitie. 

S.  W.  i.  sec.  U,  T.  65-3,  as  of  Minn.  Sericitic  argillyte  (732) 
densely  studded  with  quartz  grains  an  eighth  of  an  inch  in  diameter. 
Otherwise  this  rock  is  like  730. 

Other  portions  of  the  formation  are  similarly  studded  with  grains 
of  red  feldspar 

Hock  738.     Porphyrel. 

Some  other  portions  abound  in  both  quartz  and  feldspar.  These 
portions  haTC  a  distinctly  schistic  groundmass  exactly  as  in  IVth 
Arm  of  Knife  lake,  and  become  more  characteristically  porphyrel. 

Rock  731.     Porphyrel  with  feldspar  and  qnartz. 

A  vein  of  white,  opaque  quartz  (735)  intersects  the  formation,  about 
16  inches  wide  and  lying  in  a  plane  dipping  S.  50°  W.  at  an  angle  of 
about  22°.     This  dip  however,  is  merely  local. 

The  plate  structure  (dynamic  structure)  trends  N,  64°  E.  and  is 
exactly  vertical.  The  fibrous  structure  dips  at  an  angle  of  62°  east- 
ward. 

Rock  736.     Plain  schist  showing  both  strnctares. 

S.  E  i,  sec.  14,  T.  65-3,  as  of  Uinn.  Quartz  porphyrel  with  grained 
structure  dipping  66°  eastward.  The  figure  below  illustrates  a  faulted 
qaartz  vein  exposed  in  the  face  of  one  of  the  slabs  of  tbe  formation. 


Fig.  43.     Faulted  quartz  vein.       The  lines  show  the  eattward-dipping 
grained  structure. 

S.  E.  i,  sec.  14,  T.  66-8,  as  of  Minn.  The  hill  subsides  by  steps 
northeastward  parallel  with  the  shore.  I  walked  along  in  search  of 
the  junction  between  the  Animike  and  Kewatin  formations.  The 
Eewatin  assnmes  a  more  distinctly  porphyrelloid  character  (737),  much 
resembling  that  of  Zeta  lake.  (Rep.  1886,  pp.  158-9). 
38 
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S.  E.  i,  sec.  14,  T.  65-3,  as  of  Minn.  This  is  very  near  the  critical 
place.  The  nearest  point  on  the  north  shore  eastward  bears  S.  Tl'^E. 
The  strait  to  the  little  bay  on  the  south  shore  bears  one  or  two  degrees 
east  of  soath.  On  the  shore,  and  for  25  feet  aboye,  the  Animike 
<clearly  outcrops  in  the  form  of  flinty  and  red  jaspery  heavy  beds  in  a 
horizontal  position  on  southward  face.  Six  paces  away — 18  feet  by 
measurement — the  porphyritic  sericito-argillytes  outcrop  standing  in 
the  same  position  as  for  a  mile  and  a  quarter  back.  The  slate  here 
•contains  abundance  of  both  feldspar  and  quartz  grains. 

Be3^ond  all  possible  question,  we  have  here  two  formations— even 
two  systems.  They  cannot  be  identified.  What  are  they?  The  newer 
•certainly  is  Canadian  Huronian.     The  older  is  not  Laurentian. 

The  Animike  here  is  contorted- brecciated  and  conglomeritic.  It 
has  a  slight  dip  south. 

Rock  738.    Porphyrelloid  sericito-argillyte,  18  feet. 

Rock  739.     Flinty,  contorted  Animike  and  breccia. 

Rock  740.     Pebbles  from  Rock  789.     . 

Walking  northeastward  along  the  hill-slope,  the  fragments  of  the 
two  formations  are  found  mingled  together;  but  there  is  an  upper 
limit  to  the  Animike  fragments. 

The  Animike  retains  an  elevation  of  about  ten  feet  above  the  lake. 
The  argillitic  bluff  recedes  to  a  distance  of  twenty-five  feet  from  the 
Animike.  Huge  fragments  of  the  argillyte  have  tumbled  down  over 
the  Animike. 

Next,  at  about  twenty-five  rods  east  from  the  last,  the  argillyte 
bluff  comes  quite  to  the  shore  again,  or  within  twelve  feet  of  it,  for 
the  rugged  weathering  and  brecciated  Animike  holds  the  water-line, 
and  appears  eight  feet  back.  Here  the  two  formations  are  within  seven 
feet  of  each  other,  by  measurement.    This  is  virtually  a  contact. 

Next,  within  two  rods  more  the  argillyte  comes  down  to  the  shore, 
and  completelv  shuts  out  the  Animike,  except  in  a  few  fragments 
washed  up  from  below  water  level. 

The  nearest  point  on  the  north  shore  eastward  now  leans  S.  68^  E. 

The  following  diagram  represents  the  relations  of  the  two  forma- 
tions at  the  observed  junction: 

S.  E.  i,  sec.  14,  T.  65-3,  as  of  Minn.  The  argillyte,  after  receding 
from  the  shore  a  few  rods,  here  reappears. 

I  was  not  disappointed  to  find  on  the  top  of  the  ridge  here,  a  cap  of 
gabbro. 

The  point  is  now  south  52°  east. 
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Fig,  44. — Observed  contact  of  Animikeand  Kewatin  formations,  north 
shore  of  Ounfiint  lake,  heirtf^  a  section  along  the  line  C  D  of  the  sketch- 
map.    Fig  41. 

Some  Animike  fragments  lie  near  the  beach  within  four  rods  of  the 
arftiliyte. 

N.  E.  i,  sec.  14,  T.  65-3,  as  of  Minn.  The  same  point  bears  S. 
42"  £.  The  argillyte  comes  near  the  shore  again.  On  the  beach  are 
large  angular  fragments  of  a  biotite  gneiss  (741).  As  these  hare  not 
been  washed  from  the  southward  lying  bottom  of  the  lake,  they  must 
have  come  from  some  short  distance  northward. 

On  the  hill,  the  argillyte  is  very  slaty,  and  the  leaves  consist  of  dif- 
ferent qualities  of  rock  in  alternation. 

Rock  742.    Interbaoded  phyllyte, 

N.  E,  i,  sec.  14,  T.  66-3,  as  of  Minn.  Hill  one-fourth  mile  back 
from  lake.  The  point  bears  S.  31°  E.  The  argillyte  is  pale  graybloe, 
but  weathers  singularly  light  colored.  The  plate-structure  strikes 
N.  60°  E.  The  fibrous  structure  is  much  disguised  by  parallel  joints. 
It  dips  eastward  65° — the  joints  bfi".  ' 

Once  again,  and  for  the  fifth  time  I  passed  along  the  shore  where 
the  Kewatin  slate  comes  in  proximity  to  the  Animike.  Traced  again 
the  shore  outcrops  of  Kewatin  quite  to  the  head  of  Kewatin  bay.  The 
rock  is  considerably  altered.  Walked  again  past  the  spot  where  gab- 
t>ro  appears  above  the  Kewatin.  It  is  not  seen  here  iu  actual  contact. 
In  some  of  its  conditions  the  Kewatin  slates  might  be  taken  for  bed- 
ded igneoas  rocks;  but  the  beds  are  always  vertical,  and  conformable 
with  the  other  portions  of  undoubted  sedimentary  origin.  The  fol- 
lowing farther  samples  were  collected: 

Rock  785.     Kewatin  slate,  contorted  and  altered. 

Rock  786.     Sample  of  rock  which  might  be  regarded  eruptive. 

Rock  787.    Condition  undoubtedly  sedimentary. 

Rock  788.     Another  sample  of  sedimentary  condition. 
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S.  W.  i,  sec.  13,  T.  65-3,  as  of  Minn.  Twenty  rods  north  of  camp 
on  sec.  13,  65-3.  Anim^ke  abuts  on  the  shore.  It  ia  characteris- 
tically flinty  and  ferruginous,  and  the  sedimentary  bedding  is  unmis- 
takable; but  the  formation  has  undergone  severe  alteration,  and 
breaks  up  in  vertical  columns  like  gabbro.  I  had  to  ascend  the  bluff 
to  be  sure  that  gabbro  was  not  at  the  top. 

On  a  subsequent  occasion  this  spot  was  revisited  and  the  following 
observations  made:  Some  excellent  ma&:netite  occurs  here.  It  per- 
tains to  a  small  remnant  of  gabbro  which  remains  on  the  north  side  of 
the  hill,  in  the  position  shown  below : 


HortK 


Fig.  45. — Remnant  of  gabbro  on  a  knob  of  Animike  slates.  Ounftint  lake. 
Looking  westward.    A,  Animike.    G,  Oabbro. 

It  looks  as  if  the  whole  bluff  had  been  once  buried  in  gabbro  and 
the  schist  altered,  then  all  the  gabbro  weathered  away  except  the 
small  lot  as  indicated  on  the  north  side  of  the  ridge.  The  contact 
with  the  schist  is  sharp;  but  the  schist  was  already  in  fragments,  and 
the  fluid  gabbro  flowed  around  them  and  into  the  fissures  and  con- 
verted the  schist  fragments  into  quartzose  masses.  This  observation 
is  analogous  to  that  made  on  an  island  in  lake  Gabimichigama,  (Re- 
port for  1886,  page  172). 

The  slatci  here  has  a  dip  southward  of  about  15^.  Further,  we  find 
some  contorted  fragments;  and  these  facts  rather  imply  that  there 
was  in  this  place  more  than  a  quiet  overflow.  Still  as  before  inti- 
mated, the  contortion  of  certain  beds  may  have  taken  place  during 
the  deposition  of  the  Animike. 

S.  W.Ii^  sec.  13,  T.  65-3,  as  of  Minn.  Good  camping  ground.  An- 
imike slates  at  the  point  of  the  promontory  south  of  here  (S.  W.  i,  S. 
W.  i,  sec.  13)  with  gabbro  at  the  summit.  Gabbro  continues  along 
the  ridge  northeast  and  forms  a  columnar  wall  in  the  hill  back  of  the 
camp.  The  gabbro  appears  to  be  generally  intersected  by  east  and 
west  divisional  planes,  and  when  the  exposure  has  a  westerly  aspect, 
it  presents  a  columnar  structure. 

S.  W.  i,  S.  W.  h  sec.  13,  T.65-3.  At  the  beach,  beds  of  flint  schist; 
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above,  gabbro.     Here  as  elsewhere,  the  schist  is  horizontal^   on   a 
southern  aspect. 

On  a  subsequent  visit  I  made  the  following  notes : 
The  slates  here  are  quite  thin  laminated,  except  an  occasional  bed 
of  flint.     The  flint  beds  are  curiously  variable  in  thickness,  and  the 
upper  and  under  sides  do  not  correspond.     This  is  shown  in  the  fol- 
lowing diagram : 
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Fig.  ^.—Alitrnaiiom  of  flint  and  flinty  shales^  Gunflint  lake. 

a,  a,  Flinty  shales;  b,  Fliut. 

I  find  in  this  place  an  abrupt  transition  from  slate  to  gabbro. 

Rock  779  bis.    Slate  in  immediate  contact  with  gabbro. 

Rock  780.    Qabbro  in  immediate  contact  with  slate. 

Rock  781.     Gabbro  1  ft.  above  slate. 

Rock  782.     Gabbro  4  ft.  above  slate. 

Rock  788.    Gabbro  10  ft.  above  slate. 

Rock  784.     Flint  from  one  of  the  flint  beds. 

S.  E.  i,  S.  W.  i,  sec.  13,  T.  66-3,  as  of  Minn.  At  the  beach,  beds  of 
a  granular  siliceous  rock  (688)  with  a  white  cement.  Above,  siliceous 
argilly tes  and  flint-schists  (689)  for  20  or  25  feet.  Lastly,  gabbro  (690) 
mostly  of  the  coarser  kind. 

Near  centre  sec  18,  T.  65-3,  as  of  Minnesota.  At  the  beach,  thick - 
bedded  siliceous  magnetite  and  flint.  A  little  back,  fine  gabbro  eight 
feet  higher. 

Rock  683.     Black,  siliceous  magnetitic  schist. 

Rock  684.     Fine  gabbro. 

It  is  diflScult  here,  as  in  many  other  places,  to  decide  on  ocular  in- 
spection, where  the  gabbro  ends.  Specimens  from  an  intermediate 
position  show  blended  characters. 

Rock  686.    Gabbrolitic  magnetite. 

The  rock  685  is  about  3  feet  above  683.  Still  below  685,  the  gabbro 
686  rests  absolutely  on  the  chert  687  and  this  on  683;  so  that  the  order 
from  above  is  as  follows : 
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684.) 

685.  }  Gabbro. 
6860 

Im     SnfJhn.  n,««n«f5f«  i  SUtc  formatiott. 
boo.     oiliceous  magnetite.  ) 

Just  east  of  this  place,  we  observed  a  rusted  rock  which  when  broken 
open  is  of  a  gray  color,  and  which  I  suspect  to  be  a  carbonate  of  iron. 

Rock  813.     Carbonate  of  iron  (?)  from  Animike. 

We  found,  other  rusted  rocks  which  are  black  within  but  do  not 
a£fect  the  needle.  They  are  probably  anthracitic  or  carbonaceous.. 
Between  the  rusty  coat  and  the  black  interior  is  a  line  of  gray.  It  is- 
desirable  to  ascertain  whether  the  line  of  gray  results  from  the  oxida- 
tions of  the  carbon,  and  the  union  of  the  carbonic  acid  with  th^  iron; 
and  whether  the  rusty  coat  results  from  a  retrograde  process — the  per- 
oxidation of  the  iron  in  the  carbonate  thus  formed. 

Rock  814.  I  Black  iron  ore  with  surface  bands,  from  near  centre  of 
sec  18,  65-2. 

N.  E.  i,  N  E.  i,  sec.  IS,  T.  65-2,  as  of  Minn.  Extreme  east  end  of 
Gunflint  lake,  immediately  north  of  the  mouth  of  Gunflint  river. 
Here  is  a  fine  sand  beach.  The  Gunflint  river  appears  sluggish  and 
marshy. 

We  visited  near  this  spot  the  camp  of  a  company  of  Canadian  land 
surveyors  in  the  employ  of  Sedgwick  and  Brotherton  of  Chicago,  who 
had  located  a  large  tract  of  land  on  the  north  shore  of  Gunflint  lake 
and  river.  The  location  was  supposed  to  cover  valuable  deposits  of 
iron  ore,  and  it  was  desired  by  us  to  learn  the  precise  description  and 
visit  the  principal  points  in  the  tract.  The  parties  whom  we  saw, 
however  professed  to  be  simply  camp  attendants  and  to  be  totally 
ignorant  of  the  location  of  any  iron  deposit.  They  showed  us,  how- 
ever, some  samples  which  were  represented  to  be  inferior  to  the  best. 
The  specimens  seen  were  all  magnetic  ore  except  one — that  was  haem* 
atite.  I  suspect  they  were  all  from  the  Animike,  though  they  resern-- 
bled  also,  ore  from  the  gabbro. 

(4  )    Excursions  from  Ounjlint  lake  into  the  interior. 

(a)  Traverse  due  north  from  a  point  near  the  centre  of  the  S.  W^ 
i,  sec.  18,  62-2,  as  of  Minn,  The  starting  point  was  the  head  of  the 
bay  (see  fig.  41).  A  track  had  been  blazed  by  the  surveyors  of  Sedg- 
wick and  Brotherton.     Gabbro  is  found  on  the  shore. 

One-third  mile  north  of  Gunflint  lake.  Here  occur  Animike  frag* 
ments  and  soon  Animike  in  place,  bnt  not  magnetitic  argillj^tes*.  The 
rock  is  highly  ferruginous  and  gives  a  brown-red  streak. 
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Rock  799.    Haematite  rock. 

Rock  812.     Gonglomeritic  iron  ore  from  the  Animike,  near  the  last. 

This  rock  is  in  a  dislocated  condition,  and  I  did  not  ascertain  the 
dip  of  the  formation;  but  it  appears  much  like  a  state  of  the  brecci- 
ated  Animike  which  I  'have  before  seen  many  times — always  in  near 
relation  to  the  underlying  older  terrane. 

One-half  mile  north  of  Ganflint  lake.  After  making  a  small  descent 
we  come  to  a  hill-slope  in  which  we  find  Eewatin  slates  outcropping. 
They  are  first  clean  sericitic  argillyte.  A  couple  of  rods  further  north 
we  get  porphyritic  sericitic  argillyte  weathering  much  like  the  por- 
phyritic  porodyte  of  Vermilion  lake. 

Rock  800.  Sericitic  argillyte  as  first  encountered,  with  fine  shining 
scales. 

Rock  801.     Porphyritic  porodyte. 

Fifteen  rods  beyond,  the  rock  is  harder  and  more  crystalline,  and 
the  shining  scales  are  larger. 

Rock  802.     Semi-crystalline  sericitic  schist. 

Still  beyond,  the  feldspar  weathers  reddish,  and  the  rock  looks 
syenitic. 

Rock  803.     Syenite-looking  porphyritic  Kewatin  schist. 

Three-fourths  of  a  mile  north  of  Gunfiint  lake.  A  high  hill  com- 
posed of  alternating  bands  of  porphyritic  porodyte  and  a  rock  appear- 
ing like  true  hornblende  schist;  but  the  hornblende  is  still  of  argillitic 
softness;  and  there  are  fine  glistening  scales  which  generally  appear 
like  sericite,  but  in  places  become  large  enough  to  recognize  as  mica- 
ceous. Interbanded  with  these  rock-beds  and  laminae  are  some,  mostly 
thin  (up  to  one-half  incl»)  laminae  of  light  color,  composed  of  feld- 
spar about  60  per  cent,  the  dark  hornblende-like  mineral  about  30  per 
cent,  and  quartz  grains  10  per  cent. 

The  rock  here  is  also  in  places,  much  contorted.  All  the  characters 
indicate  proximity  to  some  dynamic  agency. 

^Rock  804.     Interbanded  porphyritic  porodyte,  syenite  and  uralitic 
schist. 

There  are  places  where  the  twisting  and  iuterlaminations  reproduce 
the  features  so  often  noticed  by  me  last  year  and  figured  in  my  report. 
For  that  reason  I  will  not  figure  them  here.  I  wish  to  refer  particu- 
larly to  pages  40,  113,  87  and  96.  The  sinuosities  and  doublings  of 
the  Yein#  are  also  very  striking. 

Highest  summit  of  the  same  ridge.  The  breadth  of  the  dark  bands  is 
increased.     The  rock  is  here  mostly  uralitic  schist,  but  with  many 
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bands — mostly  not  over  one  or  two  inches — of  the  porphyritic  poro- 
dyte,  and  many  veins  of  syenite. 

Some  of  the  layers  of  porphyritic  porodyte  in  the  uralitic  schist  are 
far  gone  toward  the  condition  of  uralitic  gneiss. 

The  belt  of  uralitic  and  mixed  schist  is  about  18  rods  wide.  This 
is  all  there  is  along  this  section  to  represent  the  Vermilion  (or  Gou- 
chichiug)  group. 

The  light  and  dark  bauds  alternate  five  hundred  times  in  an  expos- 
ure three  rods  wide. 

Next  ridge,  one-eighth  mile  further  north.  The  rock  has  the  weath- 
ered aspect  of  syenite.  Broken,  it  consists  of  quartz,  white  feldspar 
and  uralitic  hornblende. 

Rock  805.     Ur^Uitic  syenite  gneiss. 

At  the  foot  of  the  next  hill,  one-fourth  mile  further  north,  the  for- 
mation begins  to  assume  the  character  of  the  Saganaga  syenite  in  u 
gneissic  condition. 

Summit  of  range  one  mile  north  of  Gunfiint  lake.  The  rock  has  be- 
come  a  muscovitic  gneiss,  with  the  feldspar  and  quartz  in  a  compact 
mass  but  still  granular.     See  the  section  fig.  47. 

Rock  806.     Muscovite  gneiss. 

KE  WA  TIN 
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Fig.  47.  Section  passed  over  in  one  mile  on  the  north  side  of  Gunjlint 
lake  near  line  between  ranges  Two  and  Three  west;  showing  junction  of 
Animike  and  Kewatin  systems  and  transition  from  Kewatin  through 
crystalline  schists  to  gneiss.  See  sketch  map,  Fig.  41.  Vertical  di- 
mensions exaggerated,  as  usual. 

This  trip  shows  a  gradation  from  the  slates  and  porphyrel  of  the  Ke- 
watin through  interbanded  Kewatin  and  uralitic  schist,  to  well 
established  gneiss^the  series  of  beds  being  conformable  trot^  end  to 
end.  The  lower  (porphyritic)  member  of  the  Kewatin  has,  in  its 
formation,  been  moulded  simultaneously  with  the  uralitic  schist^  and 
belongs  to  the  same  chronological  system.    The  uralitic  schist  passes 
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by  gradation  into  gneiss.  These  three  existed  and  were  formed  in  the 
same  geologic  age.  The  gneiss  was  not  subsequently  formed.  All 
have  been  uplifted  from  a  horizontal  position  simultaneouly. 

Rock  807.    Illustrating  a  transition  directly  from  porphyritic  poro- 
dyte  to  uraltic  gneiss. 

Rock  808.     Transition  from  porphyritic  porodyte  to  hydromicaceoua 
gneiss. 

Rock  809.    Transition  to  mica  schist. 

Rock  8l0.    From  a  dyke  crossing  th^ormation  a  little  east  of  north 
and  west  of  south. 

Rock  811.     Augitic?  band  in  the  uralitic  schist. 

It  is  to  be  especially  noticed  that  the  mode  of  transition  from  Ke^ 
watin  slate  to  uralitic  schist  is  different  from  the  transition  froiu 
Kewatin  to  gneiss.  In  the  former  case,  the  Eewatin  becomes  inter- 
sected by  conformable  laminae  of  the  uralitic  schist;  then  thicker 
lamiuse  with  thinner  bands  of  Kewatin;  but  every  lamina  is  all  the 
time  complete  schist,  as  a  rule.  In  the  latter  case,  the  porphyritic 
condition  6t  the  Eewatin  begins  to  reveal  pale  dark  or  dun  areas  of 
limited  extent;  then  these  acquire  a  uralitic  aspect;  then  farther  on, 
a  hornblendic  aspect.  Meantime,  also,  quartz,  which  is  generally 
present  to  some  extent,  in  the  porphyry,  becomes  more  abundant.  We 
then  have  the  constituents  of  syenitic  gneiss  (hornblende  granite). 
Sometimes  the  dun  and  dark  substance  which  arises  in  the  porphyrel 
passes  to  mica  instead  of  uralite  and  hornblende,  and  we  get  a  pure 
gneiss. 

(b)    Mr.   Stacy's  Traverse  north  from  N.  E.  i,  sec.  22,  6^-3,  as  of 

Minn. 

On  no  one  of  my  five  or  six  visits  to  the  place  of  first  discovery  of 
Kewatin  slates  on  the  north  shore  of  Qunflint  lake  was  it  convenient 
for  me  to  penetrate  the  interior  further  than  a  quarter  of  a  mile.  I 
was  therefore  desirous  that  Mr.  Stacy  should  go  over  the  interval 
between  the  shore  and  the  crystalline  rocks  which  I  felt  sure  roust 
exist  in  the  higher  range  about  three-fourths  of  a  mile  back  from  the 
shore.  Mr.  Stacy's  detail  of  observations  will  be  given  from  his  own 
notes  in  the  proper  place;  but  I  wish  here,  for  the  sake  of  complete- 
ness in  my  description  of  Gunflint  lake  geology,  to  record  the  result. 
After  passing  the  valley  intervening  between  the  ridge  in  S.  £.  i,  sec. 
15,  65-3,  and  the  higher  range,  the  Kewatin  began  to  be  found  inter- 
stratified  with  layers  more  or  less  inclining  to  a  mieaceoas  state.  But 
34 
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before  the  mica  schist  was  found  completely  developed,  gabbro  was 
encountered  resting  on  the  crest  of  the  hill.  It  was  a  thin  bed,  but 
coarse  in  quality. 

(c)  Mr.  Stacy*s  Traverse  north  between  sees.  13  and  14,  66-3,  as  of 

Minnesota,  north  shore  of  Gunflint  lake. 

This  traverse  was  about  one  mile  in  length.  Eewatin  continues 
for  about  three-fourths  of  a  mile,  when  the  usual  transition  to  mica- 
ceous strata  occurs.  At  a  miletfrom  the  lake,  gneiss  is  fully  established. 
Syenite  characteristically  constituted  occurs  on  the  highest  summit 
reached.     The  belt  of  crystalline  schists  is  about  a  quarter  of  a  ^ 

mile. 

These  three  traverses  are  separated  by  intervals  of  about  a  mile. 
The  geological  developments  are  in  their  general  features  identical  in 
all.  There  is  a  transition  of  the  same  nature  in  all,  from  Eewatin 
slates  to  crystalline  schists,  and  an  identical  passage  from  these  into 
conformable  gneissic  beds. 

(d)  Visit  to  the  Iron  deposits  in  sec.  23,  T,  65-4,  west  of  Gunflint 

lake. 

These  deposits  are  embraced  in  the  tract  located  under  the  personal 
direction  of  Mr.  Buddie  who  stated  that  he  was  in  the  employ  of  Mil- 
waukee parties.  Reference  is  made  to  it  on  pages  80  and  247.  It  seemed 
eminently  desirable  to  ascertain  the  geological  situation  of  the  iron, 
and  a  trip  was  accordingly  made  by  my  brother  and  myself. 

The  trail  to  the  location  lies  along  the  north  line  of  section  24,  T. 
65-4.  Its  position  is  at  the  foot  of  the  Giant's  Range.  It  passes  over 
a  surface  apparently  underlaid  by  Animike  slates,  but  the  syenitic  i 

bosses  rise  close  by  on  the  north  and  in  places  present  precipitous  ex- 
posures. The  surface  over  which  the  trail  passes  is  hilly,  and  presents 
a  gradual  ascent  toward  the  interior. 

After  reaching  the  northwest  corner  of  sec.  23,  a  branch  of  the 
trail  turns  southward  along  the  west  line  of  the  section.  Going  south 
about  a  quarter  of  a  mile  an  exposure  is  seen,  of  which  the  following 
is  a  section  from  north  to  south. 

S.  W.  i,  N.  W.  i.  sec.  23,  T.  65-4.  Outcrop  of  mngnetitic  beds  of 
the  Animike. 

The  iron  (829)  is  about  six  feet  thick,  and  the  two  lower  members 
aggregate  about  eight  feet.  The  dip  southward  in  about  10°.  On  the 
north  is  low  ground,  and  many  syenite  bowlders. 
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Fig.  48. — Outcrop  of  magnetitie  beds  of  the  Animike.  829,  Beds  of  mag- 
netic iron  ore.  830,  Quartzose  '*  muscovado.*'  831,  Bluish  compact 
rock  not  determined. 

Rock  829.     Magnetite  at  surface. 

Rock  830.    Quartzose  muscovado. 

Rock  831.     Bluish  muscovado-like,  but  undetermined. 

S.  E.  i.  N.  E.  i,  sec.  22,  T.  65-4.     About  ten  rods  further  west. 

Here  is  an  opening  in  the  form  of  a  shaft  for  exploration.  It  passes 
the  whole  of  the  magnetitie  beds  and  terminates  on  syenite 
gneiss  (833).  The  magnetite  (832)  here  is  from  three  to  four  feet 
thick,  but  varies  in  quality  both  horizontally  and  vertically.  Some 
«f  it  is  quite  superior  in  richness.  From  first  quality  it  passes  down 
to  the  ordinary  magnetitie  Animike.  It  is  here  quite  massive.  The 
-exposed  surfaces  are  black.  It  is  cut  by  joints  somewhat  rectangu- 
larly. It  is  powerfully  magnetic  as  a  mass,  and  in  hand  specimens. 
At  the  bottom  of  the  bedded  ore  is  a  zone  considerably  broken  and 
4^onfu8ed.     It  is  also  rather  cherty. 

At  the  plane  of  contact  between  the  Animike  and  the  gneiss  is  a 
layer  of  brown  earthy  matter  (834),  about  four  to  six  inches  thick. 
In  places  there  appears  to  be  a  sheet  of  Animike  rusted  and  decayed. 
But  the  greater  part  of  this  bed  plainly  comes  from  the  decay  of  the 
gneiss,  for  it  abounds  in  gravel  which  apparently  represents  the  quartz 
•of  the  gneiss.  This  decay  I  scarcely  think  a  result  accomplished  since 
the  deposition  of  the  Animike;  for  the  Animike  would  protect  the 
j^eiss  as  effectually  as  so  much  superincumbent  gneiss.  This  layer 
then,  is  an  ancient  soil  which  was  formed  during  ages  of  aerial  or  sub- 
marine exposure,  before  the  Animike  had  existed.  It  would  not  ex- 
tend under  the  Eewatin,  because  there  is  no  definite  bottom  to  it. 
Its  history  is  continuous  with  that  of  the  gneiss.  This  soil  would 
extend  underneath  the  Animike  and  above  the  Kewatin. 

It  is  noticeable  also,  that  the  ''muscovado"  beds  are  not  present. 
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This  shows  that  the  border  line  of  the  Animike  sediments  moved' 
northward  during  the  Animike  afifo— whether  from  filling:  of  the  sea, 
or  from  a  moderate  subsidence  northward.     The  gneiss  therefore, 
existed  as  it  is  before  the  Animike,  and  is  certainly  not  later  in  ap- 
pearance as  a  formation.     A  slight  subsequent  elevation  of  the  gncis- 
sic  region  maj  have  given  the  Animike  its  slight  inclination. 

In  the  following  diagram,  the  facts  are  shown,  as  above  stated,  to- 
gether with  the  supposed  relation  of  the  Eewatin  to  the  other  forma- 
tions. 
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Fig.  4:9. —Geological  positions  of  the  Magnetite  stratum  two  miles 

west  of  Qunflint  lake. 

Shows  junction  of  Animike  and  gneiss  and  the  supposed  unconfor* 
mable  subterposition  of  the  Kewatin. 

G,  Vertically  sdiisUse  gneiss  K,  Vertical  Kewatin  (not  seen  here).  Al,  Nearly 
horizontal  Animike,  upper  beds,  A2,  Animike,  lower  beds  of  the  vicinity  (not  ex- 
posed here). 

a,  The  principal  iron  oru  beds.    «,  l^yer  of  gravelly  earth. 

(5)    Befkctions  oti  the  geology  of  Gunflint  lake  and  vicinity. 

The  following  inferences  from  observations  made  about  Gunflint 
lake  were  penned  on  the  spot,  while  in  the  presence,  and  under  the 
influence,  of  the  phenomena  of  which  some  account  is  given  in  the 
preceding  pages.  These  fresh  impressions  may  possess  a  value  io 
some  respects  superior  to  that  of  deliberate  conclusions  penned  after 
the  vividness  of  the  impressions  has  worn  off. 

It  would  appear  that  this  entire  region  has  been  covered  by  an  out- 
flow or  overflow  of  gabbro  in  a  fluid  state.  The  erosions  of  later 
times  have  removed  a  large  part  of  it,  and  eaten  down  many  feet  into 
the  slates.  The  slates  generally  are  more  destructible  than  the  gabbro; 
and  where  exposed,  wastage  has  been  more  rapid  than  on  the  gabbro* 
coTered  arenp.    Hence  it  is,  as  I  suppose,  that  the  gabbro  remaining 
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ihas  been  left  crowning  the  summits  of  the  hills  of  relief.  It  is  not  to 
be  supposed  that  the  gabbro  was  erupted  along  these  ranges.    There 

.may  have  been  great  fissures  located  somewhere,  through  which  the 
gabbro  escaped,  and  from  which  it  flowed  over  hundreds,  perhaps 
thousands  of  square  miles. 

The  gabbro  is  everywhere  in  visible  progress  of  degradation.  Long, 
massive  flakes  become  detached  and  fall  down — often  rolling  to  the 
base  of  the  talus.  Other  flakes  are  seen  to  be  disengaged,  waiting  for 
a  few  seasons  more  of  the  leverage  of  expanding  ice  to  throw  them 

*over.  Meantime  the  shales  below  vanish  by  a  process  less  grandiose. 
The  work  is  so  slow  that  a  given  surface  remains  relatively  perma- 
nent, and  vegetation  takes  root  on  it.  Even  trees  have  time  to  grow, 
while  their  foundation  disappears  beneath  them.  But  not  only 
lierbs  and  shrubs,  but  sturdy  trees  yield  when  the  time  arrives  for  the 
destructive  blows  of  the  descending  gabbro,  or  the  silent  undermining 
of  atmospheric  disintegration  and  decomposition.  Though  these  re- 
sults are  coming  to  attainment  even  while  we  gaze  on  the  spectacle,  if 
we!  look  around  and  contemplate  the  vastness  of  the  work  already  ac- 
complished, we  are  bewildered  in  the  attempt  to  grasp  the  aeons  of 
time  which  have  elapsed  since  the  configuration  of  hill  and  valley  and 
lake  basin,  as  we  now  look  upon  them,  has  been  slowly  attaining  its 
present  features. 

X>»ie. — The  only  considerable  record  hitherto  published  of  facts  observed  about 
OiM  flint  lake  are  contained  in  the  J^ityfh  Annual  Report,  Qeology  of  Minnesota, 
l^.'O,  pp.  Sl-83,  and  the  Tenth  Annual  Report,  1881,  pp.  86-88.  Incidentally  the 
gv«i]ogy  of  Ounflint  lake  is  referred  to  in  the  Seventh  Annual  R&pori,  1878,  pp.  11 
and  21.  These  accounts  are  by  professor  N  U.  Winchell,  the  state  geologist.  Mr. 
Hubert  Bell,  of  the  Canadian  Geological  Survey,  who  passed  along  the  boundary  in 
1872,  has  given  ten  lines  to  Gunflint  lake  in  the  Report  of  Progrese  for  1872-3,  pp. 
92-93  Dr.  J.  G.  Norwood  in  his  flying  trip  along  the  boundary  in  1849,  made  a  few 
observations  on  Flint  lake  which  may  be  found  in  I).  D.  Owen's  Report  of  a  Qeolog- 
teal  Survey  of  Wieeonein,  Iovm  and  Minnesota,  Philadelphia,  1852,  pp.  416  and  417. 
No  details  of  facts  have  yet  been  published  by  the  United  States  Geological  Sur- 
vey, but  professor  R.  D.  Irving  who  has  in  charge  the  investigation  of  the  Arch- 
ffian  geology  of  the  Northwest,  haamade,  as  is  understood,  in  person  and  through 
assistants,  extended  observations  about  Gunflint  lake.  Some  of  professor  Irving's 
interpretations  of  the  observations  have  been  published  in  the  Third  and  Fifth  An- 
nual Reports  of  the  U.  8.  Geological  Survey  as  already  cited  on  page  144  and  in  the 
American  Journal  of  Science  III  Volume  xxxiv.  The  present  writer  has  described 
the  unconformities  of  the  Animike  in  Amer,  Jour,  Sei.  Oct.  1887,  and  the 
Ametioan  Oeologiit,  Jan.  1888,  pp.  14-34. 
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§  13. — NORTH  LAKE. 

This  is  also  knoven  as  Mountain  lake;  but  I  employ  designatiouv 
found  on  the  gOTernment  plats.  It  lies  on  the  boundary  in  the  form 
of  anisosceles  triangle  having  the  axis  lying  in  a  position  east-north* 
east  and  projecting  into  Canadian  territory,  while  the  base  abuts 
against  the  United  States.  Accordingly,  the  American  shore  embraces 
only  the  base  and  one  side  of  an  irregular  bay  projecting  westward 
from  the  northerly  angle,  and  both  sides  of  a  similar  bay  projecting 
south  westward  from  the  southern  angle  at  the  base.  It  lies  in  town- 
ship 65-2  W.,  and  covers  an  area  about  two-thirds  as  large  asGuufiini 
lake.  Its  altitude  above  lake  Superior  barometrically  ascertained 
by  professor  N.  H.  Winchell  is  1057  feet.  On  the  south  a  ridge  trend- 
ing nearly  east  and  west  and  about  100  feet  high,  separates  it'  from 
South  lake;  and  on  the  north  lies  the  continuation  of  the  6iant'» 
Range,  rising  to  an  altitude  exceeding  a  hundred  feet.  The  north 
shore  is  deeply  indented  by  bays  and  capes.  A  large  part  of  the  forest 
contiguous  to  the  lake  has  escaped  burning.  A  portage  leads  north* 
ward  from  the  Canadian  shores  toward  Northern  Light  lake  and  a 
region  of  considerable  exploitation  for  iron.  The  boundary  portage 
goes  out  from  the  south  side  of  the  lake  in  section  22,  while  the  Gun* 
flint  river  furnishes  connection  with  Gunflint  lake. 

This  broad  stream  out  of  North  lake  is  somewhat  choked  by  Jan- 
cacese.    Nymphcea  odorata  remains  in  bloom  to  the  end  of  August. 

N.  W.  i,  S.  E.  i,  sec.  17,  T.  65-2.  North  shore  of  Gunflint  river. 
A  low  outcrop  of  syenitic  gneiss — 779. 

The  Gunflint  river  flows  along  the  junction  of  the  gneiss  and  the 
Animike  formation.  No  rock  exposure  on  the  south  shore  as  far  as 
the  rapids. 

N.  E.  i,  S.  E.  i,  sec.  17,  T.  66-2.  Rapids  of  Gunflint  river.  The 
descent  here  is  about  four  feet  but  our  canoes  were  pulled  up.  The 
amount  of  water  is  small,  as  North  lake  is  the  source  of  the  boundary 
river — of  which  Gunflint  river  is  a  local  name.  Here  are  many  angu- 
lar fragments  of  a  dark  rock  gray wackenitic  looking;  but  a  second 
visit  disclosed  flint  schist  in  place  on  the  south  side 

S.  W.  i,  N.  W.  i,  sec.  16,  T.  65-2,  as  of  Minn.  At  the  widening 
of  Gunflint  river.  Syenite  gneiss  (744)  comes  down  to  the  north 
shore,  containing  abundance  of  well-defined  black  hornblende  and 
white  feldspar  with  a  glassy  quartz. 

N.  E.  i,  N.  E.  i,  sec.  16,  T.  65-2.  South  side  of  bay  near  entrance 
to  the  lake.  Stratified  beds  of  flint  having  a  southeasterly  dip  of 
about  8\ 
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N.  E.  i,  N.  E  i,  sec.  16,  T.  65-2.  Extremity  of  point.  Massive 
dark  granular  rock  (745)  with  much  magnetite  and  disseminated  specks 
of  red  feldspar.  This  rock  is  like  some  seen  where  we  first  enter 
Animike  bay  from  the  north. 

S.  E.  i,  N.  E.  i,  sec  16,  T.  65-2.  South  side  of  point.  Rock  much 
like  the  last.  There  appears  to  be  a  red-weathering  feldspathic  con- 
stituent—in places  white  or  yellowish  weathering;  also  a  dark  green- 
ish mineral  forming  a  sort  of  groundmass  for  the  delicate  plates  of 
glassy  feldspar  seen  on  fresh  fracture.  There  are  rude  indications  of 
horizontal  bedding. 

Rock  746.    Diabasic  ?  rock. 

S.  W.  J,  N.  E.  i,  sec.  16,  T.  65-2.  A  low  outcrop  of  gabbro  (747) 
of  finer  than  medium  texture. 

S.  W.  i,  S.  E.  i«  sec,  16,  T.  65-2.  South  side  of  second  point.  A 
low  outcrop  of  gabbro  of  character  like  the  last. 

Further  toward  the  southwest  on  the  shore  no  outcrops  were  found. 
The  south  shore,  from  the  western  extremity  to  the  portage  is  also 
without  exposures. 

On  a  second  visit  to  North  lake  I  made  a  visit  with  my  brother  to 
the  north  shore  at  departure  of  the  trail  to  Northern  Light  lake.  This 
is  at  the  head  of  the  bay  in  N.  E.  i,  S.  W.  i,  sec.  10,  as  of  Minnesota. 
A  quarter  of  a  mile-  from  the  shore  a  hill  rises  on  the  right  75  to  100 
feet  high  and  at  its  foot  (on  the  west)  are  formed  fragments  of  flint 
schist  and  magnetitic  schist.  These  had  apparently  descended  from 
the  hill;  but  we  saw  no  Animike  rocks  in  place.  We  found  gabbro  in 
place,  however,  down  at  the  level  of  the  trail. 

N.  E.  i,  N.  W.  i,  sec.  10,  T.  65-2,  as  of  Minn.  North  shore  of 
North  lake  on  trail  to  Northern  Light  lake,  about  half  a  mile  from 
North  lake.  Here  we  found  gneiss  (778)  in  place,  with  black  mica  and 
much  glassy  feldspar  with  some  opaque  feldspar. 

Some  examination  was  made  beyond  this  point  but  without  observ- 
ing any  change  in  the  geology.  Obviously,  we  find  here  the  foot  of 
the  Giant's  Range,  with  hills  of  gabbro-crowned  Animike  close  fol- 
lowing on  the  south.  The  situation  corresponds  geologically  with 
that  of  Black  Fly  bay  at  the  west  end  of  Gunfiint  lake. 

Dr.  Norwood  has  the  following  observations  on  North  lake : 

**  On  the  long  point  which  projects  into  Mountain  (North)  lake,  near  the  termi- 
nation of  the  portage  ("from  bouth  lake,  as  understood)  the  rock  is  schistose,  and 
alternates  with  thin  flinty  layers.    About  a  mile  bdow  this  point,  on  the  north  side 
of  the  lake,  is  a  low  exposure  of  granite,  which  slopes  down  to  the  margin  of  the 
ake.    It  is  in  low  bosses,  from  ten  to  thirty  feet  in  hight,  which  are  bare,  or  only 
c^jvcrji  with    moflges  and  lichens.     Back  of  this  is  a  high  ridge,  bearing  east  and 
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west,  which  ascends  by  a  series  of  steps  or  plateaus,  covered  priDcipally  with 
mounlaio  ash  and  small  map]«.  About  one-fourth  the  hight  of  the  ridge  is  a  gran- 
ite exposure  in  toTiich  mastes  of  hornblende  rock  ioere  found  eompletsly  envekped. 
BtiU  higher  up,  where  the  horoblende  rock  is  tmversed  by  small  granitic  veins,  it 
becomes  somewhat  altered  in  character,  and  resembles  diallage  rock.  The  top  of 
the  ridge  is  composed  of  coarsely  crystalline  hornblende.  This  exposure,  like  the 
one  on  the  dividing  ridge  (between  North  and  kk>uth  (?)  lakes)  shows  clearly  the 
evidence  of  having  been  subjected  to  igneous  action  since  its  upheaval  I  think  it 
highly  probable  that  it  had  a  schistose  structure  prior  to  the  eruption  of  the  gran- 
ite. On  the  top,  many  large,  weather  worn  fragments  of  granite  occur,  but  no 
vein  of  that  rock  was  seen.*'* 

The  statements  made  above  in  reference  to  the  ''hornblende  rock" 
are  not  consistent  with  my  present  knowledge  of  the  region. f 

§   14.— SOUTH  LAKE. 

South  lake,  the  next  eastward  along  the  boundary  lies  mostly  in 
Town  65-2,  west,  and  its  environment  is  physiographically  similar  to 
that  of  North  lake.  A  range  of  hills  from  50  to  150  and  200  feet  in 
altitude  skirts  the  south  shore;  but  there  are  few  rock  exposures  along 
that  shore.  On  the  north  the  features  are  similar,  but  with  frequent 
low  oatcrops.  The  north  shore  remains  largely  in  the  possession  of 
green  timber  of  the  original  growth.  Much  growing  birch  and  some 
poplar  occupy  the  lakeward  slopes  of  the  south  side;  but  they  are 
young  trees  dating  from  the  last  general  burning. 

The  general  geology  of  both  shores  is  Animike,  consisting  chiefly  of 
thin-bedded  black  slates;  but  these  are  capped  extensively,  especially 
along  the  north  shore,  by  sheets  of  gabbro. 

The  elevation  of  South  lake,  as  barometrically  ascertained  by  N.  fl. 
Winchell,  is  1,057  feet  above  lake  Superior.  This  is  exactly  the  same 
as  found  for  North  lake,  and  indicates  that  perhaps  a  slack  water  com- 
munication exists  between  the  two.  Tet  the  known  topography  does 
not  favor  such  a  connection;  and  the  fact  that  South  lake  is  drained 
into  lake  Superior,  and  North  lake  into  Hudson's  bay  would  imply 
that  the  identical  elevations  are  simply  a  coincidence  without  special 
cause. 

The  portage  from  North  to  South  lake  lies  chiefly  in  N.  W.  i,  see. 
S2,  T.  65-2  W.  It  passes  southeasterly  over  a  depression  in  the  ridge 
lying  oft'  the  south  shore  and  is  about  a  quarter  of  a  mile  in  length. 

S  E.  i,  N.  W.  i,  sec.  22,  T.  65-2.    About  half  way  over  the  port- 

■^^^"^  . 

•  Norwood  In  Owen*t  Qeologkal  SarTey  of  Wis.,  Iowa  and  Minn. 

fSee  reference  to  n me  raglon  In  Mlntli  Ana.  Bep.  Minn.  pp.  8041.  The  '^hornblende  rock**  locml- 
ity  of  Norwood  is  rtrj  likely  the  same  aa  Ibat  at  which  N.  H.  Wtnohell  obtained  his  rock  No.  106. 
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aji^.    A  low  ledge  of  gabbro  (748)  extends  along  the  east  side  of  the 
portage.    It  contains  in  places  much  magnetite. 

Reaching  the  north  shore  of  South  lake,  only  about  a  mile  of  that 
shore  belongs  to  the  United  States.  The  course  of  the  survey  is  first 
westward  along  the  north  shore  to  the  western  extremity  and  thence 
eastward  along  the  south  shore.  The  north  shore  is  mostly  covered 
by  gabbro. 

S.  W.  i,  S.  W  i,  sec.  22,  T.  66-2.  Here  are  low-lying,  thick  beds 
>of  roagnetitic  Animike, — 749. 

S  W.  i,  S.  W.  h  sec.  22,  T.  66-2.  A  crumbling  bluff  of  gabbro  of 
medium  texture.  A  gabbro  cliff,  sometimes  degraded  to  a  crumbling 
slope,  extends  along  this  north  shore. 

No  exposures  of  rock  in  place  occur  along  the  south  shore  of  South 
lake.  The  shore  is  lined  with  rounded  bowlders  mostly  syenitic.  Just 
After  passing  the  inflow  of  the  little  stream  in  sec.  24,  a  hill  rises  on 
ihe  south,  on  the  slope  of  which  crumbling  gabbro  is  seen;  but  no  rock 
appears  in  place  aloug  the  entire  south  shore. 

On  a  later  occasion  I  coasted  along  the  entire  northern  shore  of 
South  lake. 

N.  W.  i,  sec.  24,  T.  66-2,  as  of  Minnesota.  Projecting  cape  about 
-midway  of  the  north  shore.  Outcrop  of  compact,  medium-grained 
Jieavy  gabbro, — 777. 

I  observed  gabbro  at  ten  localities  along  the  Canadian  shore  of  South 
lake.  They  are  mostly  exposures  near  water-level,  or  not  over  ten  or 
.-fifteen  feet  above. 

Dr.  Norwood  has  recorded  remarks  on  the  geology  of  the  shores  of 
^outh  lake  (which  he  calls  Ashawiwisigaton)  which  are  quite  unin- 
telligible to  me.  Proceeding  from  the  eastward  he  says:  "The 
twelfth  portage  is  four  hundred  and  forty  paces  in  length,  and  leads 
over  a  low  ridge,  with  numerous  bowlders  of  syenite,  gneiss  and  gran- 
ite, scattered  over  it  to  Ashawiwisigaton  lake.  The  ridge  is  composed 
4>{  a  syenitic  rock  underlying  hornblendic  slates  at  the  west  end.  On 
-the  ^ores  of  Ashawiwisigaton  lake,  there  are  constant  exposures  of 
4netamorphic  slates  in  low  ledges,  rising  only  a  few  feet  above  the 
water  level.  The  last  high  mural  precipice  seen  along  the  boundary 
line  (traveling  westward)  was  near  the  lower  end  of  this  lake.  On 
the  American  side,  is  a  ridge  of  syenite  four  hundred  feet  in  hight, 
with  a  rounded  outline  and  rather  gentle  slopes."  (Of  this  he  gives 
a  figure.) 

This  statement  is  unaccountable  to  me,  since  I  find  Animike  slates 
25 
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and  gabbro  along  the  north  shore,  and  the  same  slates,  at  least  at  one 
point,  within  sight  on  the  south  shore. 

But  he  further  says:  "The  thirteenth  portage  is  540  paces  long, 
and  leads  over  the  dividing  ridge  between  the  tributaries  of  lake  Su- 
perior and  those  of  Hudson's  bay  to  Mountain  (North)  lake.  The 
rock  forming  the  summit  of  the  ridge  is  syenite^  associated  with  mas- 
sive  hornblende.  (This  does  not  appear  on  the  portage  nor  on  the 
summit.  On  the  contrary,  gabbro  appears  along  the  portage).  On 
the  long  point  which  projects  into  Mountain  (North)  lake,  near  the 
termination  of  the  portage,  the  rock  is  schistose,  and  alternates  with 
flinty  layers."* 

§   15. — BAT  LAKE. 

This  is  a  very  small  lake  not  deserving  of  mention  except  in  a  com- 
plete enumeration.  It  is  reached  by  portages  both  Arom  the  west  and 
the  east.  It  is  about  half  a  mile  long  from  north  to  south,  and  a 
quarter  of  a  mile  wide  from  east  to  west.  The  portage  to  it  from  the 
west  is  at  least  a  quarter  of  a  mile  long — three  times  the  length  shown 
on  the  plat.  The  little  stream  destined  to  become  Pigeon  river  flows 
on  the  north  of  the  trail.  Rat  lake  is  mostly  filled  with  reeds  and 
rushes. 

S.  E.  i,  N.  E.  i,  sec.  19,  T.  65-1,  as  of  Minn.  East  side  of  Rat 
lake  near  portage  eastward.  A  small  hill  having  on  the  slope  gray 
slates  in  horizontal  outcrop,  and  at  the  summit  a  fine,  iron-gray  rock 
with  vertical  jointage  like  gabbro,  and  no  horizontal  bedding.  It  is 
the  same  kind  of  rock  as  I  styled  fine  noryte  in  Animike  bay,  and  I 
will  so  style  it  here. 

Rock  750.     Gray  Animike  slate. 

Rock  751.     Fine  noryte  resting  on  the  slate. 

§   16. — BOSE  LAKE. 

Rose  lake,  also  called  Mud  lake,  is  a  slender  serpentine  body  of 
water  lying  on  the  national  boundary  in  Town  65-1  west.  Its  width 
along  the  western  half  is  not  over  a  quarter  of  a  mile.  In  the  middle 
is  a  deep  broad  bay  setting  southward,  and  the  eastern  half  has  a 
mean  width  of  about  two-thirds  of  a  mile.  Four  deep  broad  capes 
indent  the  shore-line  on  the  north.  High  Animike  hills,  gabbro- 
crowned  overlook  the  lake  from  the  south  from  altitudes  of  125  to  300 
feet.    The  immediate  shore  is  fringed  with  a  dense  forest  of  young 


•  On  ihia  rWjre  :in<l  a«Jj  icent  geology,  ««e  nl»o  yinth  Ann   Hep  J/i'mm.  .^urv  18Sa,  p  80-81. 
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birches  along  the  western  half,  while  old  Norway  pines  and  spruces 
replace  them*  alon^zr  the  eastern  half.  The  country  along  the  north 
shore  is  but  little  elevated,  and  is  largely  covered  with  original  forest, 
the  birch  and  poplar  being  most  conspicuous  toward  the  western  end. 
Within  a  mile  of  the  eastern  extremity  the  Arrow  river  goes  out  from 
the  north  shore  toward  Arrow  lake  three-fourths  of  a  mile  distant. 
Nearly  opposite  the  exit  of  this  stream.  Pigeon  river  goes  out  on  the 
south  side,  but  eastward  toward  Rove  lake.  The  lake  is  reported  1,022 
feet  above  lake  Superior. 

Actual  outcrops  of  rock  along  the  shore  lines  are  few;  but  such  as 
occur  reveal  the  uniform  presence  of  the  black  nearly  horizontal  Ani- 
mike  slates  overlaid  by  gabbro. 

N.  E.  i,  S.  E.  i,  sec.  19,  T.  66-1.  End  of  portage  ^  from  Rat  lake. 
Low  outcrop  of  gabbro  (752),  fine  and  abounding  in  magnetite. 

Rose  lake  mountain  to  the  south  of  this  locality  rises  with  a  para- 
bolic sweep  from  the  shore  to  the  vertical  gabbro  wall  which  rests  on 
its  summit.  It  stands  a  quarter  of  a  mile  back  from  the  western  part 
of  the  lake.  It  rises  fully  200  feet,  and  from  its  isolation  it  seems 
very  conspicuous.  The  gabbro  sjiructure  is  distinctly  basaltic.  I  took 
a  photograph  from  the  nearest  point  opposite,  but  the  distance  was 
rather  too  great. 

Rose  lake  is  shallow  and  much  grown  with  rushes.  An  extraordi- 
nary amount  of  white  birch  grows  on  the  south  shore;  but  as  the  land 
rises  these  give  way  to  spruces,  which  alone  hold  possession  of  the 
high  ridges. 

8.  E.  i,  N.  E.  i,  sec.  20,  T.  65-1.  The  gabbro  (763)  comes  down  to 
the  shore,  and  that  at  a  point  only  about  three-fourths  of  a  mile  dis- 
tant from  the  summit  where  it  stands  150  feet  high.  It  is  not  likely, 
however,  this  difference  in  altitude  indicates  the  original  thickness; 
for  the  Animike  must  have  been  much  eroded  before  the  gabbro  was 
erupted. 

N.  W.  i,  N.  W.  i,  sec.  21,  T.  65-1,  as  of  Minn.  Gabbro,  with 
lumps  of  waxy  feldspar,  up  to  one  and  a  half  inches  in  diameter. 
This  is  like  gabbro  seen  on  Animike  bay  and  in  many  other  places. 

S.  E.  i,  S.  W.  i,  sec.  22,  T.  65-1.  A  beetling  bluff  of  columnar 
gabbro  (754)  at  entrance  to  the  bay  protruding  southward  toward  Dun- 
can's lake.  At  base,  near  the  water,  it  is  fine  and  graywackenitic. 
looking,  but  contains  fine  prisms  of  glassy  feldspar.  On  the  opposite 
side  of  the  bay  is  a  gabbro-crested  hill  150  feet  high. 

N.  E.  i,  N.  W.  i,  sec.  27,  T.  66-1.  Stair  portage  to  Duncan's  lake. 
A  smart  stream  comes  roaring  down  in  a  cataract  of  at  least  sixty 
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feet.  The  portage  is  much  worn.  It  ascends  by  a  series  of  steps  cut 
in  the  earth  and  rocks.  This  is  a  frequented  route  to  Birch  lake, 
DanieFs  lake  and  the  whole  region  southward.  Gabbro  is  the  forma- 
tion passed  over  here,  and  gabbro  reveals  itself  on  all  hands,  in  decay* 
ing  cliffs  and  rubbish-strewn  slopes. 

Dr.  Norwood  calls  this  stream  the  Wisacod^  river.  He  says  the 
portage  over  is  about  a  thousand  yards  long,  and  crosses  a  ridge  over 
three  hundred  feet  in  hight. 

S.  E.  i,  S.  E.  i,  sec.  22,  T.  66-1.  Animike  slates  (755)  outcrop  in 
the  usual  horizontal  position.  They  are  here  a  heavy  black  thin 
bedded  argillyte. 

From  mouth  of  Stair  Portage  bay  one  sees  on  the  Canadian  side, 
An  enormous  gabbro  bluff  facing  westward.  I  estimate  it  as  75  feet 
perpendicular. 

There  are  no  more  exposures  eastward  as  far  as  the  portage.  This 
^oes  not  go  out  at  the  stream  as  indicated  on  the  plat;  but  over  a 
quarter  of  a  mile  beyond. 

N.  E.  i,  N.  E.  i,  sec.  24,  T.  65-1.  On  the  portage  from  Rose  lake 
to  Rove  lake,  one-third  of  mile  from  the  latter.  Magnetitic  and  brec- 
€iated  Animike— rock  756. 

This  is  the  variety  which  seems  to  stand  vertical.  I  looked  carefully 
for  the  Knife  lake  slates,  but  the  formation  was  always  gabbroloid*- 
not  well  formed  gabbro. 

This  portage  proves  to  be  about  a  mile  and  a  half  long,  by  the  wind* 
ings.  It  is  comparatively  little  frequented.  It  is  hilly  and  stony 
and  overgrown.  It  is  to  be  avoided  as  much  as  possible.  I  hare  a 
suspicion  that  the  usual  route  is  south  of  the  boundary,  by  Duncan's, 
Birch  and  Daniel's  lakes. 

I  looked  for  signs  of  Animike  slates  all  the  way,  but  only  saw  qaite 
numerous  fragments  of  black  slate,  about  a  third  of  a  mile  from  Rove 
lake 

§   17.— BOVB  LAKB. 

Rove  lake  lies  in  sections  19,  20, 21, 22, 15  and  16  of  Township  65-lE. 
having  a  length  of  about  four  miles,  with  a  mean  width  of  half  a  mile 
or  less.  It  consists  of  two  parts  connected  by  a  narrow  neck  of  slack 
water.  The  eastern  part  is  called  Watab  lake  by  Dr.  Norwood,  and 
the  western  part  is  spoken  of  simply  as  "several  small  ponds  con* 
nected  by  a  narrow  stream.*'  The  eastern  part  is  arcuate  in  form 
and  lies  with  its  mean  axis  precisely  northeast.  The  western  part 
which  is  a  genuine  lake,  with  a  wide  constriction  near  the  eastern 
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end,  lies  in  a  direction  east  southeast.  N^ear  the  western  end  of 
the  eastern  part  is  a  deep  constriction  narrowing  the  lake  to  fifty 
feet.  The  land  on  the  north  is  a  point  projecting  northeastward,  with 
a  little  bay  behind  it.  The  point  is  about  eight  rods  wide,  and  the 
bay  about  twelve.  The  point  I  named  Camp  Reunion.  Almost  di- 
rectly opposite  rises  the  loftiest  slate  and  gabbro  hill  thus  far  seen. 
This  I  named  Mount  Reunion.  In  entering  the  lake  from  the  nar- 
rows this  hill  is  a  very  conspicuous  and  impressive  feature.  It  appears 
as  if  a  mountain  had  been  cleft  asunder  by  a  vertical  blow  and  one- 
half  completely  removed.  Phgtographic  views  were  taken  of  this,  but 
they  will  not  appear  in  the  annual  report.  At  the  summit  is  a  ver- 
tical cli£F  of  gabbro  rudely  columnar  estimated  at  80  feet  in  hight 
This  faces  southwest,  west  and  north.  Beneath  this  vast  wall  is  a 
precipice  of  slate  whose  horizontal  stratification  is  apparent  from 
Camp  Reunion.  The  tendency  to  columnar  features  extends  down 
thirty  feet  into  the  slate.  This  portion  of  the  mountain  presents 
also  a  vertical  face,  and  is  estimated  at  80  feet.  Below  this  lies  a 
talus  of  dark  angular  fragments  sloping  at  an  angle  of  45°  toward  the 
lake.  The  upper  portion  of  this  is  naked  for  an  altitude  of  fifty  feet. 
The  lower  portion  of  the  slope  becomes  less  steep,  and  is  concealed 
and  partly  covered  by  a  dense  growth  of  young  poplars  (Popultis  tre- 
muloides).  The  vertical  altitude  of  this  part  of  the  talus  is  about  75 
feet.  Mount  Reunion  therefore  is  estimated  to  have  an  elevation  of 
286  feet  above  Rove  lake.  Dr.  Norwood  puts  it  at  '*over  300  feet," 
and  this  may  be  more  accurate. 

Mount  Reunion  is  the  first  of  a  succession  of  lofty  hills  ranged 
along  the  south  aide  of  Rove  lake,  each  of  which  is  vertically  chiseled 
off  on  the  lakeward  aspect,'  and  all  of  which  run  together  at  their 
bases  into  one  continuous  range.  Their  altitudes  reach  well  toward 
three  hundred  feet.  Still,  outcrops  along  the  water-line  are  few;  and 
the  lower  flanks  of  the  range  are  covered  with  a  belt  of  handsome 
green  poplars,  grown  since  the  last  general  burning.  The  north  shore 
is  depressed,  and  rocky  outcrops  are  there  also  of  rare  occurrence. 
The  point  called  Camp  Reunion  is  a  mass  of  angular,  hard  ringing 
fragments  of  a  dark,  cryptocrystalline  rock  having  a  very  eruptive 
aspect. 

At  the  west  end  of  Rove  lake  are  three  abandoned  log  cabins.  They 
appear  to  contain  merely  a  few  articles  used  in  a  winter  camp,  and 
are  reported  as  belonging  to  the  Mayhews  at  Orand  Marais.  On  the 
north  a  road  had  been  at  some  time  cut  out.  Southward  a  cut-out 
road  or  portage  extends  to  Daniel's  lake  and  thence  to  Orand 
Marais. 
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N.  E.  i,  S,  E.  i,  sec.  20,  T.  65-1 E.,  as  of  Minn.  Camp  Reunion. 
This  point  is  an  old  pile  of  gabbro  all  gone  to  fragments.  There  is 
very  little  soil,  and  that  is  mingled  with  the  ashes  of  a  former  bnrn- 
ing.  The  point  is  now  all  densely  overgrown  with  young  poplars, 
birches,  pines  and  alders.  The  fragments  are  all  quite  angular.  The 
point  seems  a  mere  pile  of  them  10  or  12  feet  high.  A  few  rounded 
syenite  bowlders  are  intermingled. 

N.  E.  i,  N.  W.  i,  sec.  21,  T.  66-lE.,  as  of  Minn  A  low  outcrop 
of  rock  with  dark  weathered  surface  like  iron  (757)«  and  when  broken, 
still  looks  in  color  and  texture  like  fine  iron — darker  than  steel.  It  is 
also  very  heavy.  It  belongs  to  that  formation  so  often  seen  outcrop- 
ping similarly,  and  always  resembling  iron.  This,  as  in  other  cases, 
is  considerably  below  the  level  at  which  Auimike  is  seen  on  the  moun- 
tain side.  If  the  iron  bed  belongs  in  the  Animike  as  I  have  heretofore 
been  led  to  believe,  its  position  here  must  be  at  least  200  feet  below 
the  summit  of  the  formation,  or  there  must  be  a  fault  between  this 
point  and  the  mountain  along  the  south  shore.  But  I  have  supposed 
the  Animike  iron  bed  to  belong  near  the  top  of  the  formation;  and  if 
this  is  altered  Animike  there  certainly  is  a  fault  along  the  axis  of  Rove 
lake.  If,  on  the  contrary,  this  iron  bed  belongs  in  the  gabbro,  which 
for  the  present  seems  likely,  it  is  not  the  equivalent  of  the  bed  seen 
about  the  west  end  of  Gunflint  lake  but  of  the  depositssubsequently  seen 
about  Iron  lake.  This  being  assumed,  it  becomes  evident  that  the 
overflow  of  gabbro  covered  a  country  already  deeply  eroded — a  surface 
already  very  ancient.  Hence,  when  later  erosion  carried  away  the 
gabbro  along  the  slope  (as  at  A,  fig.  50  the  slate  became  exposed,  and 
gabbro  remained  both  at  the  higher  level  and  a  lower. 


.to 

Fig.  60. — Eroded  surface  receiving  a  flow  of  gabbro. 

N.  E.  i,  N.  W.  i,  sec.  22,  T.  66-lE.  A  rod  back  from  the  shore 
and  c(mcealed  by  bushes  is  a  wall  of  vertically  jointed  compact  rock, 
composed  of  a  dark  base  and  uniformly  distributed  specks  of  red  feld- 
spar.    This  is  the  same  as  often  seen  heretofore. 
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Rock  758.     Fine  uoryte  ? 

N.  W.  i,  N.  E.  i,  sec.  22,  T.  66.1E.  This  is  only  half  a  mile  from 
the  last.  Outcrop  of  decaying,  rusty  black,  horizontally  lying  Ani- 
mike  slates  (759),  with  fine  noryte  above,  in  clear  contact.  The  nory te 
is  exactly  like  that  last  mentioned. 

The  little  used  portage  from  Rove  lake  to  Mountain  lake  is  about  a 
third  of  a  mile  long. 

N.  W.  i,  N.  W.  i,  sec.  23,  T.  65-lE.  On  the  portage.  Noryte 
outcrops  in  angular-splitting  masses  at  frequent  intervals  along  the 
portage. 

§   18. — MOUNTAIN  LAKH. 

This  lake  is  six  and  a  half  miles  in  length,  lying  on  the  boundary 
in  Tovens  65-1  and  2  east,  and  with  an  average  breadth  of  about  half  a 
mile.  The  south,  or  Minnesota  shore  is  little  indented;  but  the  north 
shore  presents  two  deep  bays  penetrating  half  a  mile  inland,  and  sev- 
eral land  indentations.  Off  the  south  shore  is  a  continuation  of  the 
high  range  described  under  Rove  lake,  and  it  is  similarly  broken  into 
A  succession  of  imposing,  gabbro-capped  hills,  with  parallel-bedded 
Jark  schists  underlying  and  fragmental  taluses  stretching  toward  the 
lake.  Several  of  these  hills  reach  an  altitude  of  250  to  300  feet  above 
the  lake;  and  farther  back  are  summits  said  to  be  feet  375  high — 
being  1,527  feet  above  lake  Superior  and  2,129  feet  above  sea-level.  The 
north  shore  is  not  elevated  and  the  surface  comes  [down  generally  to 
the  lake-level.  This  is  specially  true  of  the  western  part.  Farther  in 
the  back  ground,  however,  hills  are  seen  rising  apparently,  in  one  in- 
Atance,  as  much  as  200  feet  above  the  lake.  Notwithstanding  the 
rocky  character  of  the  region  on  the  south,  the  outcrops  are  few.  The 
talus  appears  generally  to  have  reached  the  water-line.  On  the  north 
shore,  however,  which  I  meandered  watchfully,  I  recorded,  besides  the 
stops  which  will  be  described,  twenty-two  low  outcrops  of  gabbro. 

The  vertical  gabbro  cresta  along  the  south  shore  appear  to  be  gen- 
erally 50  to  75  feet  high;  and  the  vertical  slate  cliffs  next  below  are  of 
about  the  same  hight.  The  line  of  junction  between  the  gabbro  and 
the  slate  can  be  seen  distinctly  from  the  lake;  and  the  horizontal  po- 
sition of  the  slates  is  very  obvious.  The  vertical  hight  of  the  talus 
of  the  principal  summits  is  about  75  feet. 

The  original  forest  of  the  south  shore  has  been  destroyed  by  burn- 
ing. The  only  trees  living  are  a  new  growth  of  poplars  fringing  the 
beach.  Burnings,  have  not  reached  the  north  shore  except  toward 
the  eastern  end.     In  the  middle  portion  of  the  north  shore,  a  heavy 


280  8IXTBBMTH  ANNCJAI   BBPOBT 

green  forest  stretches  into  the  interior.    In  the  western  part  are  dense 
forests  of  poplar  and  birch,  which  appear  to  be  a  second  grpwth. 

Meander  corner  between  sees.  19  and  20,  T.  65-2E.  The  fragments 
found  here — for  no  outcrop  occurs  between  the  western  end  and  thi» 
point — consist  of  crumbling  argillyte  of  dark  color,  and  of  gabbro. 
Some  of  the  gabbro  is  very  coarse,  and  also  crumbling.  Both  rocks 
are  much  perozidized. 

The  shore  is  exceedingly  monotonous.  Between  the  water-line  and 
the  talus  is  a  slope  of  about  fifteen  degrees  uniformly  covered  with  a 
dense  growth  of  young  poplars.  The  soil  on  which  they  grow  con* 
sists  mostly  of  angular  fragments  of  gabbro  and  crumbling  sheets  of 
dark  argillyte.  Above  this  green,  wooded  slope  comes  the  talus, 
consisting  of  large  fragments  of  the  same  sort,  on  which  there  is  no 
soil,  or  safety  for  tree  growth.  Over  this,  fragments  large  and  small,, 
are  occasionally  precipitated, to  be  hurried  down  the  talus  slope  of  about 
45°.  This  work  must  be  more  rapid  in  winter  and  spring.  Evidently 
the  mass  of  the  talus  is  augmenting,  its  vertical  hight  increasing,  and 
that  of  the  precipice  diminishing.  Evidently,  also,  the  precipitous 
face  will  eventually  become  covered  by  the  growing  talus,  and,  evid- 
ently, since  this  work  is  not  already  accomplished,  the  present  connte 
of  change  has  been  in  progress  but  a  limited  period. 

N.  W.  i,  N.  E  i,  sec.  21,  T.  65-2E.  Nearly  opposite  the  eai»tern 
constriction  of  Mountain  lake.  Here,  a  rod*back  from  shore,  is  a 
slope  of  45^,  composed  of  angular  fragments.  The  rock  is  a  darker 
variety  of  noryte  (760),  than  I  have  seen  before.  It  is  also  exceed* 
ingly  fine,  and  heavier  than  usual.  I  would  call  it  diabase,  except 
that  its  association  with  gabbro  perhaps  indicates  the  presence  of  a 
basic  plagioclase. 

Near  the  east  end  of  the  lake,  the  gabbro  range  is  lower,  and  the  | 

crowning  cliff  has  already  become  concealed  or  nearly  so,  by  the  ris- 
ing talus,  which  here  slopes  almost  to  the  water's  edge.  But  at  the 
end  are  two  bluffs  with  high  precipices  remaining.  These  appear  to 
have  been  originally  higher  than  the  last  mentioned. 

In  the  hill  at  the  end  of  the  lake  the  slates  can  be  seen  beneath  the 
precipice  of  gabbro. 

On  the  return  I  meandered  the  entire  northern  shore  of  Mountain 
lake.  Along  the  whole  shore  the  only  rock  in  place  is  gabbro.  It 
occurs  mostly  in  low  bluffs  at  the  water's  edge — some  of  it  in  heavy, 
nearly  horizontal  beds.  But  there  are  some  cliffs  close  on  shore  with 
an  elevation  of  15  to  20  feet.     The  exposures  are  decidedly  frequent. 
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I  landed  at  twenty-four  points — all  of  gabbro.     Yet  there  are  consid- 
erable stretches  without  outcrops. 

N.  W.  i,  S.  E.  i,  sec.  U,  T.  65-2E.  Portage  out  of  Mountain  lake 
eastward.  On  the  Canadian  side  of  the  stream,  on  which  the  portage 
lies,  I  ascended  the  hill  to  the  summit,  and  found  it  formed  of  coarse 
crumbling  gabbro.  The  gabbro  makes  here,  as  everywhere,  a  coarse 
brown  soil  colored  by  iron  peroxide. 

This  is  the  hill  on  which  I  discovered  the  unusual  species  of  blue- 
berry mentioned  in  the  introduction.  Here  also  I  observed  the  shad- 
frog  mentioned. 

This  portage  eastward  out  of  Mountain  lake,  also  little  traveled,  is 
about  a  third  of  a  mile  long,  and  joins  the  Pigeon  river  below  the 
rapids.  The  river  soon  widens,  and  is  so  filled  with  scouring  rushes 
as  to  be  nearly  impassable.  This  swell  is  known  as  ''Upper  Lily 
lake." 

After  a  quarter  of  a  mile  of  beatable  water,  another  much  neglected 
portage  of  a  quarter  of  a  mile  occurs,  on  the  Canadian  side  of  the 
rapids,  leading  to  another  small  swell  in  the  river  which  is  sometimes 
denominated  ^' Lower  Lily  lake.*'  This  continues  for  a  quarter  of  a 
mile,  when  other  rapids  occur,  and  we  enter  on  the  portage  which 
terminates  on  Moose  lake.  This  portage  lies  also  on  the  north  side  of 
the  river,  and  is  about  two-thirds  of  a  mile  in  length.  A  range  of 
gabbro  continues  along  the  south  side  thus  far,  but  it  is  less  than  a 
hundred  feet  in  hight.     The  portage  is  bad. 

S.  W.  i,  S.  E.  i,  s»c.  13,  T.  65-2E.  American  side,  near  entrance  to 
portage  from  Lower  Lily  lake  to  Moose  lake.  Coarse  gabbro  (761) 
with  a  large  percentage  of  iron. 

Similar  gabbro  occurs  at  the  portage  on  the  Canadian  side. 

N.  E.  i,  N.  E.  i,  sec.  24,  T.  65-2  E.  On  the  same  portage,  one- 
eighth  mile  from  Moose  lake.  On  the  Canadian  side,  a  knob  of  Ani- 
mike  breccia  outcrops  from  the  hill  slope. 

On  the  American  side  of  Pigeon  river,  a  range  of  gabbro  overhangs 
the  stream,  all  the  wa^'  to  Moose  lake. 

§    19. — 3I00SE  LAKE. 

Moose  lake  lies  in  the  western  half  of  Township  65-3  east.  Its 
longer  axis  stretches  east  southeast  and  is  three  and  a  half  miles  long. 
The  lake  has  a  mean  width  of  a  mile.  The  contiguous  country  pre- 
sents an  aspect  not  materially  different  from  that  surrounding  Moun- 
tain and  Rove  lakes.  The  gabbro-crested  hills  on  the  south  attain 
35 
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eleyations  as  great;  and  the  north  shore  is  similarly  depressed.  A 
mile  back,  however,  on  the  Canadian  side,  reveals  toward  the  north- 
east two  strikingly  elevated  sammits,  but  perhaps  not  over  three  hun- 
dred feet. 

The  country  on  the  south  side  is  mostly  burnt  over;  but  near  the 
shore  is  frequently  stocked  with  young  poplars.  On  the  north  side 
Norway  pines  abound  on  the  west  and  also  on  the  east,  but  consider- 
able burnt  country  intervenes. 

There  are  few  outcrops  on  the  shore-line  of  the  south  side.  I  noted 
gabbro  at  seven  points  in  low  outcrops,  along  the  Canadian  side 

After  examining  the  south  shore  for  the  distance  of  a  mile  and  a 
half,  from  the  west  end,  and  finding  no  rocks  in  place,  I  ascended  the 
hill  about  eighty  feet  and  discovered  a  ledge  of  slate.  There  is  no 
gabbro  visible  from  this  point,  but  it  can  be  seen  from  the  opposite 
shore  at  a  higher  altitude,  resting  on  horizontal  slate. 

S.  E.  i,  S.  W.  i,  sec.  20,  T.  66  3E.  The  slate  is  much  shattered, 
and  the  ialus  slope  is  mostly  overgrown  with  small  cherry  bushes. 
Most  of  the  slate  is  in  layers  from  half  an  inch  to  an  inch  thick;  some 
in  beds  of  several  inches  and  quite  solid.  The  solid  beds  are  dark, 
fine-grained,  heavy,  identical  with  the  fine  rock  which  I  have  often  seent 
always  feeling  doubtful  about  its  relations  to  erupted  material.  Here 
it  is  distinctly  embraced  in  beds  of  sedimentary  character.  If  erup- 
tive, they  can  only  be  intrusive.  The  thinner  layers,  however,  are 
similar  in  color,  texture  and  weight.  Occasionally*  is  a  layer  of 
darker  color,  evidently  from  the  abundance  of  magnetite. 

Rock  762.    Three  varieties  of  Animike. 

Farther  east,  this  same  clifip  is  completely  covered  by  the  talus  slope, 
\)\ii  so  recently  that  no  soil  has  yet  accumulated  for  the  growth  of 
'Hhrubs,  except  in  patches 

Still  farther  east,  the  ledge  reappears,  and  the  uncovered  talus  slope 
is  about  two  rods  wide.  The  slate  ridge  gradually  approaches  the 
shore  Here  is  an  other  occurrence  of  gabbro.  This  is  in  the  N.  W. 
i,  N.  E.  i,  sec.  28,  T.  65-3E.  Oabbro  is  again  seen,  a  quarter  of  a 
mile  east,  on  another  hill  not  over  50  feet  in  hight. 

S.  E  i,  S.  £.  i,  sec.  21,  T.  65-3E.  Half  mile  from  foot  of  Moose 
lake.  Outcrop  of  horizontally  bedded  slate.  The  beds  are  two  to 
four  inches  thick,  and  of  similar  character  to  that  last  described. 

8.  E.  i,  S.  W.  i,  sec.  22,  T.  65-3E.  At  portage  east  out  of  Moose 
lake.  Gabbro  on  Canadian  side,  coarse,  altered  by  weathering,  as 
usual,  with  much  magnetite — 763 
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Rock  764.  Animike  from  shora  fragment-^apparently  almost  pure 
magnetite. 

N.  W.  i,  S,  E.  i,  sec.  18,  T.  65-3E..  as  of  Minn.  North  shore  of 
Moose  lake.  A  low  outcrop  of  probably  gabbro,  of  dark  gray  color, 
and  scattered  slender  crystals  of  glassy  feldspar.  I  have  seen  the 
sort  before. 

Rock  776.    Peculiar  gabbro.     North  shore  of  Moose  lake. 

I  passed  along  the  entire  north  shore  and  identified  gabbro  at*  sev- 
eral localities,  but  saw  no  slate.  There  is  no  range  of  hills  along  the 
shore. 

§  20.— NORTH  FOWL  LAKB. 

This  and  South  Fowl  lake  are  by  Dr.  Norwood  designated  jointly 
^' Lac  du  Coq'*;  but  in  the  terms  of  the  Webster-Ashburton  treaty 
they  are  named  as  in  this  report.  North  Fowl  lake  has  an  outline 
resembling  the  vertical  section  of  a  fleshy  mushroom.  The  stem  is 
'directed  southward.  The  north  and  south  dimension  of  the  lake  is 
t\ro  miles,  and  the  width  of  the  cap  is  two  miles.  The  lake  is  nested 
in  a  depression  among  high  gabbro-crowned  hills.  These  are  not  less 
conspicuous  on  the  Canadian  than  on  the  American  side. 

The  portage  east  out  of  Moose  lake  is  really  about  three-fourths  of 
a  mile  long,  though  the  plat  shows  less.  It  is  crooked,  rough  and  over- 
grown with  bushes :  and  like  the  other  trails  aloug  this  part  of  the 
boundary  appears  to  be  little  used.  The  clearing  at  the  termination 
marks  the  site  of  a  former  winter  house  of  the  Hudson's  Bay  company. 
Pigeon  river  is  now  a  good  sized  creek,  flowing  more  rapidly  than 
Burntside  river,  but  probably  carrying  about  the  same  amount  of 
water. 

A  gabbro  and  slate  range  runs  parallel  with  the  river,  on  the  south 
side,  and  the  same  range  extends  along  the  southwest  shore  of  North 
Fowl  lake.  The  gabbro,  which  was  nearly  interrupted  along  Moose 
lake,  near  the  shore,  shows  a  thickness  here  of  40  to  60  or  75  feet. 
The  gabbro  crests  also,  lie  nearer  the  level  of  the  lake.  A  very  high 
l|rabbro  cliff,  however,  is  seen  on  the  Canadian  side,  which  I  estimate 
at  250  feet  above  the  lake;  and  a  series  of  four  others,  diminishing 
in  altitude,  succeeds  southward. 

On  the  American  side,  in  section  26,  is  the  highest  precipitous  face 
of  gabbro  which  I  have  seen.  I  think  what  is  visible  above  the  talus 
rises  90  feet — all  gabbro — and  its  base  is  not  over  eight  feet  above  the 
lake.    The  range  strikes  from  here  southward. 
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This  lake  is  much  grown  with  rushes  and  wild  rice,  especially  on 
the  American  side. 

A  gabbro  range  is  seen  again  on  the  south,  gradually  rising  toward 
the  northeast;  and  behind  this,  more  easterly,  another.  Both  present 
precipitous  fronts  toward  the  lake.  Still  farther  south  is  a  higher 
range,  rising  probably  300  feet,  and  showing  a  long  perpendicular  wall 
facing  northward.  This  is  a  mile  from  the  lake,  on  the  American 
side, — the  intervening  distance  being  low  and  level,  and  beginning 
with  an  extensive  tamarack  and  spruce  swamp.  These,  however,  face 
South  Fowl  lake,  and  separate  it  from  Roy  lake. 

Coming  into  Pigeon  river  again,  we  find  a  broad,  deep,  clear,  stream, 
forty  feet  Avide,  and  bordered  by  a  marsh  averaging  a  quarter  of  a 
mile.     The  marsh  abounds  in  wild  rice,  cane  and  an  aquatic  grass 

Pigeon  river  issues  half  a  mile  northeast  of  the  extreme  point  of 
North  Fowl  lake.  At  that  extreme  point,  a  smalt  stream  conies  in 
from  Roy  lake,  discharging  the  waters  of  Roy,  John,  McFarland  and 
Pine  lakes.  In  ascending  this  stream,  within  les^  than  half  a  mile, 
verticalj  thin-bedded  slates  are  seen  in  the  bottom,  obstructing  navi- 
gation. They  are  of  an  ashen  color,  and  apparently  would  make  good 
roofing  slates.  This  is  in  sec.  2,  T.  61,  R.  8  E.  This  information  is 
obtained  from  Capt.  Wm.  P.  Spalding,  of  Sault  Ste  Marie. 

Supposing  the  information  correct,  the  vertical  ash-colored  slutos 
can  be  no  other  than  the  Eewatin  formation  so  extensively  developed 
north  of  Gunflint  lake.  This,  then,  is  the  most  easterly  point 
at  which  that  formation  ho.s  been  identified  in  northeastern  Minne- 
sota. 

On  sections  4  and  5,  T.  6-i-2E.  CHpt.  Spalding  has  located  a  quarts 
vein  said  to  bear  native  silver  and  gold  on  the  foot  wall.  Glosd  by, 
are  what  he  regards  as  ^'ancient  diggings,"  on  the  south  side  of  *iake 
Miranda."  I  have  not  seen  Capt.  Spalding's  location,  but  I  hav^ 
seen  a  sample  of  the  gangue  said  to  hold  silver  and  have  in  my  pos- 
session numerous  photographs  of  the  vertical  quartz  vein  and  the 
surrounding  region.* 

§  21.— SOUTH  POWL  LAKE. 

.South  Fowl  lake,  the  last  on  the  national  boundary,  trends  m  rid- 
ionally  with  its  longer  axis  which  is  a  mile  and  a  quarter  in  length. 

*  For  an  acconnt  of  SpRldio^'s  mining  location,  and  of  Ihe  "  ancient  dipfginn,"  >*o-called,  Me  N. 
H.  Winchell,  in  Seventh  Ann.  Rep.  Oeol.  Minn  ,  PP'.  18>20.  The  same  report  coutnina  acconata  uf  all 
other  mining  locations  in  the  vicinity.    See  pages  1 1  to  22. 

A  rnrther  dencriptton  ofthe  geology  of  the  region  by  N.  11.  Wliw:he)l  is  contained  in  the  Sinth  At 
hep,  PT»  "J^?.'. 
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The  east-west  diameter  is  two-thirds  of  a  mile.  The  stream  connect- 
ing it  with  North  Fowl  lake  is  hroad  and  deep,  with  a  barely  percept- 
ible current.  It  widens  gradually  into  the  lake.  The  upper  end  of 
the  lake  presents  a  wide  expanse  of  wild  rice  and  grasses  and  seems  to 
be  a  continuation  of  the  river. 

The  high  gabbro  hills  mentioned  above  look  down  on  the  lake  from 
the  west  and  south.  The  outlet  is  through  a  gabbro  gateway.  Through 
this  the  river  passes  over  a  succession  of  rapids  for  over  a  mile;  and 
nowhere  below  do  the  conditions  exist  for  the  accumulation  of  another 
lake,  until  the  stream  is  discharged  into  Uke  Superior. 

S.  W.  i,  N.E.  i,  sec.  12,  T.  64-3E.  An  exposure  on  the  hill  side 
a  quarter  of  a  mile  west  of  the  outlet  of  South  Fowl  lake  a  few  rod§ 
back  from  the  sl\ore  was  examined.  It  is  nothing  but  the  familiar 
coarse  crumbling  gabbro. 

S.  W.  i,  N.  E.  i,  sec.  12,  T.  6i-3E.  West  side  of  outlet  of  South 
Fowl  lake.  On  this  side  of  the  gabbro  gateway  rises  a  precipitous 
wall  to  a  hight  of  nearly  200  feet  above  the  lake.  The  vertical  ascent 
is  about  120  feet.  The  gabbro  where  unweathered,  is  of  medium 
coarseness,  abounding  in  magnetite. 

In  the  midst  of  the  face  of  gabbro  is  a  vertical  dike  27  feet  wide, 
which  exhibits  a  horizontal  bedded  or  quasi-columnar  structure.  The 
beds  (or  columns)  are  six  to  ten  inches  thick,  and  placed  between  the 
vertical  columns  of  gabbro,  present  from  the  lake,  the  appearance  of 
a  tier  of  shelves.  The  dike  intersects  the  whole  exposed  face  of  the 
gabbro  from  summit  to  upper  boarder  of  the  talus.  It  wears  away 
more  rapidly  than  the  gabbro,  and  hence  appears  in  a  shallow  recess. 

The  dike  rock  is  very  fine-grained,  dark  gray  and  nearly  crypto- 
crystalline;  but  under  the  lens,  reveals  the  existence  of  a  dark  con- 
stituent intimately  mingled  with  a  translucent,  waxy  feldspar.  It 
has  a  high  specific  gravity. 

In  a  fissure  of  the  gabbro,  I  found  some  crystals  of  dolomite  and 
quartz. 

Rock  765.     Gabbro  from  Pigeon  river  gateway. 

Rock  766.    Dolomite  and  quartz,  from  the  gabbro. 

Rock  767.     Diabase  from  the  dike. 

A  photographic  view  of  this  cliff  was  taken  from  the  Canadian  side. 
Pigeon  river  gateway,  where  rises  a  gabbro  bluff  which  I  estimate  at 
150  feet  high,  with  a  vertical  ascent  of  75  feet.  T^ese  are  the  two 
sides  of  the  gateway,  through  which  the  Pigeon  river  passes  by  a  suc- 
cession of  cascades  out  of  the  last  lake  in  the  boundary  series.    The 
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Fig.  61  — Horizontal  columnar  structure  in  the  dike  on  the  shore  of 

South  Fowl  lake.     The  dike  intersects  gabbro  having  a  vertical 

columnar  structure. 

gabbro,  as  everywhere,  assumes  a  columnar  structure.    I  And  here  no 
continuation  of  the  dike  (of  rock  767). 

N.  £.  i,  8.  E.  i,  sec.  12,  T.  61-3E.  Gateway  mountain,  commence- 
ment  of  portage  out  of  South  Fowl  lake,  southeastward.  Here  on 
the  sonth  side  is  a  hill  topped  with  gahbro  and  125  feet  high.  On  the 
north  is  a  towering  precipice  three  hundred  feet  above  the  lake,  whose 
jagged  outline  projects  itself  against  the  sky  almost  in  the  qeigfabor- 
hood  of  the  zenith.  There  hang  huge  parallelopipedons  of  gabbro 
awaiting  the  next  season's  frosts  to  he  thrown  down.  Here  by  the 
trail,  are  the  enormous  masses  which  were  projected  from  that  giddy 
altitude  by  some  previous  season's  frosts — ten  by  fifteen  feet  in  dimen- 
sion— lying  here  mostly  moss-grown  and  crumbling  away  while  the 
centuries  roll  around.  Here  are  some  too,  freshly  fallen,  and  above 
are  the  scars  showing  whence  they  were  detached.     It  is  a  wonderful 
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place,  and  provokes  a  multitude  of  reflections  which  must  not  here  be 
indulged  in.  This  high  hill,  for  clearness  of  description  I  call  Gate- 
way mountain. 

With  the  view  of  approximating  its  true  altitude,  I  ased  my  clinom- 
eter and  found  the  angle  of  elevation  to  ^the  summit  62^  I  simply 
estimate  my  distance  from  the  foot  of  the  perpendicular,  at  140  feet, 
and  from  these  data  I  calculate  trigonometrically  an  altitude  of  263 
feet.  As  my  point  of  observation  was  at  least  25  feet  above  the  lake, 
the  altitude  of  Gateway  mountain  as  thus  obtained,  is  288  feet.  Nor- 
wood says  it  is  306  feet,  but  does  not  state  whether  this  is  a  rough  es- 
timate or  the  result  of  actual  observation. 

I  took  a  successful  photograph  of  Gateway  mountain  with  point  of 
view  at  Halt  1398  * 

A  small  spring  of  ice-cold  water  issues  from  the  accumulation  of 
debris  in  the  gorge  between  Gateway  mountain  and  the  portage  trail, 
and  it  has  been  suggested  that  it  may  be  supplied  from  a  store  of  ice 
covered  and  protected  by  the  mass  of  fragments.! 

S.  E.  i,  N.  E.  i,  sec.  18,  T.  64-4E.  South  end  of  Long  portage, 
out  of  South  Fowl  lake.  Walked  first  over  the  portage  and  returned, 
exclusively  for  observation.  I  find  it  about  a  mile  and  a  half  by  the 
windings.  The  portage  is  uncommonly  good,  though  sinuous.  I  do 
not  understand  why  so  much  better  than  any  seen  this  side  of  Rove 
lake.t  I  can  conjecture,  however,  that  the  Fowl  lakes  yield  crops  of 
wild  rice  which  bring  the  Grand  Portage  Indians  up  here. 

I  saw  no  rock  in  place  on  the  way;  but  of  course,  many  gabbro 
bowlders,  and  quite  a  quantity  of  fragments  of  black,  thin-laminated 
slate.  The  country  from  the  eastward  slope  of  this  portage,  presents 
a  changed  aspect.  No  high  ridges  intercept  the  distant  view.  There 
are  no  gabbro  knobs  or  ranges  visible  after  leaving  those  magnifi- 
cent monuments  of  a  fiery  flood  which  looks  down  on  us  at  the  Gate* 
way. 

I  had  not  intended  to  travel  farther  along  the  Pigeon  river;  but  the 
interest  excited  by  the  changed  features  of  the  wilderness  led  to  a 
change  of  plan. 


•  K  view  of  the  »ame  it  glT»D  In  Irving's  ''Prellmiaary  Paper**  on  the  ArchiL'in  of  th>  Northwest, 
Fifth  Ann.  Hep.  U-  S-  Oeol-  Surv  ,  18^.4,  facing  p.  204.    The  moontaln,  however,  ie  not  In  Mlnneaota 
hot  In  Canada,  being  east  both  of  Pigeon  river  Had  of  the  portage. 

t  N.  H.  WInchell  In  Ninth  Ann.  Rep.  Minn.  Sarv.,  pp.  74-75. 

X  The  whole  Mason^s  exploration  was  made  wlthont  a  gnide.    Nor  h»d  any  person  In  my  pnriy  been 
thfoogh  the  region  previously. 
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§   22.— PIGEON   RIVER. 

The  features  of  the  country  along  the  Pigeon  river  southeast  of 
South  Fowl  lake  will  be  briefly  described  in  connection  with  the 
localities  noted.  The  river,  from  the  foot  of  the  Long  portage,  con- 
tinues of  nearly  uniform  width  to  the  next  rapids.  It  is  a  broad, 
'deep  stream,  flowing  with  a  current  of  about  a  mile  an  hour.  The 
borders  are  fllled  with  wild  rice  and  other  aquatic  grasses.  Not  much 
timber  is  seen  on  either  side.  Some  scattered  tamaracks  and  clumps  of 
spruces  occur.  No  high  land,  even  in  the  distance — no  upland  in  the 
vicinity.  Only  occasionally  clusters  of  poplars.  At  length  after  an 
interval  of  two  miles,  in  section  21,  T.  6^-4E.,  a  small  ripple  is  seen 
in  the  current,  occasioned  apparently  by  bowlders;  but  sixteen  rods 
beyond,  the  sound  of  rapids  is  heard. 

N.  W.  i,  N.  E.  i,  sec.  '21,  T.  64-4E.  Fourth  portage.  This  port- 
age is  about  three-fifths  of  a  mile  long,  in  a  mean  direction  east  bj 
south.  It  strikes  the  river  again  on  an  east-southeast  stretch.  No 
rock  in  place  is  seen  on  the  way,  and  but  few  bowlders.  These  are 
gabbro.  At  the  end  of  the  portage,  a  mountain  is  seen  in  the  south- 
east, stretching  from  southward  to  northward,  but  wooded  to  the 
summit. 

N.  W.  i,  N.  E.  i,  sec.  21,  T.  64-4E.  A  quarter  of  a  mile  further 
north.  Went  up  to  the  rapids  a  few  rods  above  the  eastern  end  of 
this  portage,  but  found  only  bowlders  as  an  explanation.  Went 
then,  west  again  to  the  top  of  the  ridge  apparently  causing  this  abrupt 
northerly  bend  in  the  river;  following  it  north  to  the  turn  in  the 
stream;  but  found  nowhere  any  outcrop.  I  had  expected  to  find  evi- 
dence of  a  dike  trending  north. 

N.  E.  i,  S.  W.  i,  sec.  22,  T.  64-4E.,  as  of  Minn.  Olivine  knob.  At 
length  we  come  to  a  hill  on  the  Canadian  side,  a  quarter  of  a  mile 
back  from  the  river,  whose  white-shining  rock-exposures  remind  me 
again  of  syenite.  I  plunged  through  the  intervening  swamp  and 
climbed  the  slope  to  the  summit.  It  weathers  granite-fashion.  It  is 
of  pepper  and  salt  color.  Whitish  feldspar  is  very  determinable^  and 
there  is  a  little  transparent  feldspar.  Beside  these,  are  abundant 
grains  of  a  smoky  mineral,  and  not  a  few  of  magnetite.  The  smoky 
mineral  is  harder  than  feldspar,  and  weathers  conspicuous  on  the  rock 
surface.  When  broken,  the  grains  present  glassy  surfaces.  Evident- 
ly they  answer  the  description  of  olivine.    This  hill  is  125  feet  high. 

Rock  768.    Granular  olivine  gabbro  or  noryte. 

I  find  incorporated  in  this  formation  at  the  summit  of  the  hill,  some 
characteristic  coarse  gabbro  (769). 
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From  the  summit  of  this  hill  I  take  a  survey  of  the  surrounding 
•country.  West  northwest,  spreads  an  area  two  miles  wide  and  eight 
miles  long,  through  which  we  hare  followed  Pigeon  river.  It  is  dotted 
with  tamaracks  and  spruces,  but  most  of  the  surface  is  occupied  by 
alders  or  marsh  grasses. 

South  40''  west  is  a  knob  which  has  an  eruptive  contour,  with  a 
smaller  knob  for  each  shoulder.  The  range  to  which  these  belong 
extends  about  westward  to  a  point  S  85*^^  W,  from  here,  and  about 
one  and  a  half  miles  distant.  From  behind  this  rises  a  much  higher 
mountain,  which  seems  to  be  about  six  miles  away.  From  where  it 
appears,  it  trends  away,  west  of  north,  and  ends  in  what  appear  to 
be  gabbro  bluffs  N.  80**  W.  from  here  They  face  northward.  They 
seem*  to  be  southwest  from  South  Fowl  lake.  In  the  nearer  ground, 
N.  75*"  W.,  is  another  bluff,  also  facing  northward.  Still  nearer, 
about  three  miles  distant,  N.  70^  W.,  is  another  bluff  of  less  magni- 
tude. On  the  north  is  a  mountain-like  ridge,  about  three  miles  dis- 
tant, running  east  and  west.  In  a  hill  on  the  north,  half  a  mile  away, 
about  75  feet  above  the  river,  are  outcrops  of  light  color,  resembling 
the  rock  in  this  mountain. 

N.  W.  i.  S  W.  i,  sec  22,  T.  64.4E.  Third  portage.  The  rapids 
between  the  two  gabbro  hills  are  portaged  on  the  left  of  the  stream. 
Portage  one-third  of  a  mile,  direction  a  little  east  of  south. 

Below  these  rapids,  for  a  mile  and  a  half,  the  stream  is  swift,  and 
interrupted  by  many  bowlders  of  trap.  In  places,  it  widens  out  and 
becomes  very  shallow.  In  one  place  it  divides,  and  runs  among  many 
islands.  Neither  stream  has  water  enough  for  safe  canoeing,  and 
navigation  is  very  difficult.  The  bowlders  passed,  the  stream  becomes 
50  to  60  feet  wide,  and  three  feet  deep.  This  is  a  long  stretch  of  a 
mile,  flowing  eastward. 

At  this  place  one  sees  in  the  east,  at  the  distance  of  a  mile  or  two, 
a  trap-looking  hill  seventy-five  feet  high.  The  stream  flows  directly 
toward  it  until  within  a  quarter  of  a  mile,  when  it  turns  abruptly 
northward  and  then  eastward,  to  pass  around  the  hill. 

T.  64-5E.  has  not  been  surveyed  because  lying  in  the  Indian  Reser- 
vation. At  a  point  in  the  pass  between  the  hill  above  mentioned  and 
a  smaller  one  on  the  Canadian  side,  I  ascended  the  latter.  I  found  it 
a  very  compact  and  bard  sort  of  gabbro  (770)  with  much  olivine  and 
magnetite. 

The  cliff  on  the  American  side  looks  exactly  like  this. 

Partridge  portage.  The  stream  along  the  stretch  of  a  mile  between 
86 
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the  last  and  this  point  is  bordered  by  weeds  and  flows  quietly  through 
a  level  tract. 

The  plane  is  mostly  a  clearing,  bat  some  poplar,  birch  and  firs  re*    ^ 
main.    Partridge  portage  is  about  a  quarter  of  a  mile  long,  fairly 
good. 

Partridge  falls.    The  Minnehaha  of  the  boundary. 
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Fig.  62. —Diagram  of  Partridge  falls  in  Pigeon  river. 

Tlid  tiipn»tirtmffnt«  given  nra  estimated.     The  diagram  Is  not  drawn  to  a  scale. 

A.    The  highest  rock  above  the  falls. 

II.    The  liiglit  at  which  it  reached  at  the  foot  of  the  descent. 

(Mi.     Kl^ht  redd,  distance  from  brink  of  falls  to  foot  of  rapids. 

I).    Htnndlng  rock  at  brink  of  falls  (place  of  Indian  in  photograph.) 

K  K.    Ton  fuel,  bight  of  lower  falls. 

(I  II.    Thirty  feet,  bight  of  upper  falls. 

I  J.     Width  of  dike  of  gabbro,  45  feet. 

K  (i.     liapida  above  the  falls.     Descent,  O  Q.  20  feet. 

K  M.     lUplds  IhsIow  the  falls.    Descent,  M  N.  5  feet. 

K  (HI  K  M.    Surface  of  water. 

Tim  above  diagram  shows  the  more  important  facts.    The  highest 

vook,  A,  slopes  upward  at  such  angle  that  if  continued  to  the  standing 

l^luot),  l)|  close  to  the  falls,  it  would  be  ten  feet  above  it.    A  dike  of 

gtibhro,  which  seems  to  be  of  the  same  character  as  the  gabbro  of  the 

oouulry,  intersects  the  formation  between  the  two  fnlls  and  is  about 


STATE    GBOLOaiST.  291' 

45  feet  wide.  If  this  proves  to  be  the  same  as  the  ordinary  gabbro,  it 
would  seem  probable  that  it  was  contemporaneous  in  eruption,  and 
that  this  was  one  of  the  fissures  from  which  the  flow  came  which  in- 
undated  the  country.  Further,  as  no  gabbro  appears  on  the  surface 
in  the  vicinity,  there  is  evidence  of  much  erosion  of  gabbro.  And  still 
further,  if  one  gabbro  vent  of  small  dimensions  existed,  not  unlikely 
the  whole  escape  of  the  outflow  was  through  numerous  vents  of  mod- 
erate capacity,  rather  than  one  or  two  great  fissures. 

The  strike  of  this  dike  is  N.  55""  W.  and  it  stands  about  vertical. 
N.  H.  Winchell  says,  '*W  5°  N/'  (Ninth  Rep.  p.  74). 

The  dip  of  the  slates  here  is  up-stream,  and  since  the  stream  here 
flows  northwardly,  the  dip  is  southward,  Norwood  says,  "Above 
the  falls,  the  dip  of  the  slate  is  northwest,  80°."  Below,  he  says  the 
dip  is  ^'reversed  to  the  southeast,  at  an  angle  of  17**."  N.  H.  Win- 
chell says,  on  the  contrary,  ''The  brink  of  the  falls  is  of  slate,  ripple- 
marked,  dipping  south  about  12°;"  and  Bell  says  ''the  slate  dip'south 
about  20°." 

Rock  771.    Animike  black  slate  from  Partridge  falls. 

Rock  774.     Qabbro  from  dike  at  Partridge  falls. 

Rock  775.    Specimen  illustrating  jointage  of  slate. 

I  took  much  pains  to  get  good  positions  in  the  gorge  below  the  falls, 
for  photographic  views,  and  obtained  four  successful  ones.     A  very 
good  general  view  of  Partridge  falls  is  published  in  professor  Irviug's^ 
^^Preliminary  Paper**  * 

Grand  portage,  seven  miles  from  lake  Superior.  The  river  through 
the  stretch  of  two  and  a  half  miles  between  Partridge  falls  aud  this 
point,  pursues  a  very  sinuous  course  over  a  grassy  plain  evidently  un- 
derlaid by  Animike  black  slates  in  a  position  nearly  horizontal.  At 
this  portage  is  an  old  clearing  of  a  few  acres,  overgrown  with  wild 
grasses.  Dr.  Norwood  states  that  this  ''was  once  the  site  of  Fort 
Charlotte,  for  many  years  the  most  important  post  of  the  Northwest 
Fur  Company." 

The  rapids  here  pass  over  a  dark  gray,  partly  thick-bedded  slate, 
dipping  southward  about  6^. 

Rock  772.  Prevailing  character  of  the.  slate,  at  the  upper  end  of 
the  Grand  portage. 

Rock  773.    Darker,  thick-bedded  slate. 

The  Pigeon  river  valley,  east  of  the  great  swamp — that  is,  below 
the  gabbro  range,  is  decidedly  tillable.  Most  of  it  is  upland,  with  a 
good  natural  soil,  as  evinced  by  the  rank  growth  of  herbaceous  veget- 

*  Fiftk  Ann.  Rep.  U.  S.  Oeol  Surv  facing  piige803. 
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ation.  There  are  few  hills,  and  seldom  outcropping  rocks.  The 
country  has  been  once  burned  over,  on  both  sides  of  the  river,  and 
many  of  the  dead  pine  trunks  still  stand  to  attest  the  once  vigorous 
growth  of  the  forest.  The  Indian  Reservation,  on  the  American  side, 
as  far  as  can  be  seen,  is  a  level,  arable  and  valuable  tract. 

It  may  be  added,  for  the  purpose  of  completing  a  view  of  the  bound- 
ary as  far  as  Pigeon  Point,  that  its  physical  and  geological  features 
below  the  upper  end  of  the  Grand  portage  are  already  pretty  well 
understood,  and  have  been  described  with  more  than  his  usual  detail 
by  Dr.  Norwood,  assisted  by  Major  Richard  Owen.  His  descriptions 
•embrace  also  the  shore  line  between  Pigeon  Point  and  Grand  Portage 
bay.  as  well  as  the  geology  of  the  Grand  portage.*  A  careful  report 
on  the  same  district  has  been  published  by  Prof,  N.  H.  Winchellt 
An  exposition  of  some  special  features  has  recently  been  published  by 
professor  W.  S  Bayley.t 

The  course  of  this  report  now  returns  westward  to  Red  Rock  lake 
with  a  view  to  considering  in  regular  succession  a  series  of  lakes 
lying  next  south  of  ihe  boundary  series,  to  which  our  attention  has 
thus  far  been  confined. 

§   23. —  BED  ROOK  LAKE. 

The  passage  from  the  west  long  arm  of  Saganaga  lake  to  Red  Rock 
lake  is  narrow  and  obstructed  by  syenitic  bowlders.  A  small  stream 
flows  out  of  the  latter  lake.  Red  Rock  lake  is  practically  a  continua- 
tion of  the  west  long  arm  mentioned.  It  is  similarly  indented  by 
long  capes,  with  alternating  deep,  irregular,  mostly  club-shaped  bays. 
Its  shores  are  exceedingly  rocky,  and  buttressed  by  frequent  high, 
-often  precipitous  boses  oF  syenite.  A  few  intervening  soil-covered 
tracts  occur  on  which  grow  small  spruces  and  Jack  pines.  The  region 
possesses  little  value  either  or  timber  or  agricultural  purposes. 

From  Saganaga  lake  sec.  28,  66-5,  syenite  continues  unchanged  in 
•character  to  Red  Rock  lake.  When  the  shallow  passage  between  the 
two  is  not  canoeable,  a  short  portage  may  be  found  over  the  hill  on 
the  east  side.  The  direction  of  the  current  is  out  of  Red  Rock  lake, 
but  the  stream  is  hardly  a  rapid. 

N.  W.  i,  S.  E.  i,  sec.  28,  T  66-5.    Passage  from  Saganaga  to  Red 


•  Owdirs  Oeolog.  SnrTojr  of  Wis  ,  Iowa  and  Minn  ,  pp.  397-109. 

t  yinth  Ann.  Rep.  Oeol.  Minn.  1880,  pp.  61-73.     MIniug  geology  al^o  in  Seventh  Ann.  Rep-  Minn 
1878,  pp.  14-19.    See  aliw  Tenth  Ann.  Rep.  1881,  pp.  48-49. 

X  Bny ley,  On  M»ne    peculiarly  epotted  roeke  from  Pigeon  P&inU  Minn.  Am    Jour  Sei»  III-,  zzzv 
:86S«93,  Mny,d888. 
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Rock  lake.     Syenite,  still  weathering  conspicuously  rou|2;h,  with  large 
quartz  grains. 

S.  E.  i,  S.  W.  i,  sec  28,  T.  66-5.    Syenite  (576)  unchanged. 

S.  E  i,  S.  W.  i,  sec.  33,  T  66r5.  Numerous  examinations  made 
from  the  last  point  to  this  reveal  no  important  variations  in  the  char* 
acter  of  the  syenite.  A  1  this  place  is  a  lofty  vertical  wall  of  syenite,, 
some  of  whose  faces  are  covered  by  an  orange-colored  lichen  (577). 
This,  I  suspect,  is  the  particular  "red  rock"  from  which  the  lake  is 
named.  (Compare  "Painted  Castle,"  p.  115,  Report  of  1886).  The 
syenite  is  still  unchanged. 

The  syenite  continues  without  change  to  the  southern  extremity  of 
the  lake. 

No  water  communication  exists  between  Red  Rock  and  West  Sea- 
gull lakes.  The  portage  goes  out  at  the  extreme  southwestern  angle 
of  the  former.  It  passes  over  a  depressed  ridge,  through  open  woods^ 
consisting  of  Jack  pine  and  spruce,  with  a  few  poplars.  It  is  an  un- 
frequented trail,  but  quite  practicable..  We  chopped  out  a  number  of 
trees  fallen  across  the  path. 

§   24.— WEST  SEAGULL   LAKE. 

West  Seagull  lake  lies  in  the  northwestern  part  of  T.  65-6,  with  ao 
extreme  length  north  and  south  of  about  two  miles  and  a  breadth  a 
little  less  On  the  plat  it  presents  a  strinkingly  Irregular  figure;  and 
the  numerous  large  islands  included  cause  an  appearance  of  a  jagged 
inlet  winding  and  ramifying  through  a  wilderness  of  rocky  knobs. 
The  exposures  of  syenite  are  almost  continuous  until  we  approach  the 
southern  extremity.  In  this  region  the  syenite  becomes  chloritic, 
gneissic  and  even  schistic.  On  the  west  oi  Seagull  lake,  in  section  7, 
Mr.  Stacy  reports  ^'conglomerate  and  syenite  interbedded";  but  I  had 
left  the  region  before  obtaining  this  information.  Mr.  Stacy  com- 
pared the  conglomerate  with  that  of  Ogishke-muncie;  but  I  feel 
strongly  persuaded  that  the  two  are  very  different.  The  latter  is  re- 
mote from  syenite  and  has  never  been  seen  interbedded  with  crystal- 
line schists — still  less  gneisses.  I  suspect  the  West  Seagull  conglom. 
erate  is  to  be  compared  with  that  of  Wonder  Island  in  lake  Saganaga; 
and  I  think  undoubtedly  the  greenstone  pebbles  and  bowlders  dissem- 
inated through  this  syenite-gneiss  formation  generally  are  closely 
connected  with  the  history  of  these  conglomeritic  beds  and  patches. 

S  E.  i,  N.  E.  i,  sec.  5,  T.  65-5.  South  end  of  portage  from  Red 
Rock  lake.     Syenite  exactly  as  on  Red  Rock  lake. 


^^^ 
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S.  E.  i,  S.  W.  i,  sec.  5,  T.  65-5.  West  side  of  north  part  of  lake. 
Here  are  vast  exposures  of  syenite  (578)  along  the  west  shore.  It  looks 
white  at  a  distance  and  presents  a  wide  shining  treeless  area  rising 
toward  the  interior.  On  examination,  it  closely  resembles  that  so 
prevalent;  but  the  quartz  grains  are  a  little  smaller,  and  the  surfaces 
of  the  rock  do  not  weather  so  rough. 

A  high  range  is  seen  on  the  east  and  southeast,  appearing  300  feet 
high.  It  appears  to  be  southwest  of  Seagull  lake  and  east  of  Frog 
Rock  lake. 

S.  W.  cor.  sec.  8,  T.  65-5.  Syenite  without  conspicuous  quartz 
grains,  and  with  a  chloritic  mineral  in  place  of  hornblende  (579). 
Portions  of  the  rock  abound  in  the  chloritic  mineral.  The  formation 
resembles  that  seen  on  entering  Saganaga  lake 

Rock  580.  Chlorite  syenite,  highly  chloritic,  like  Pipestone  chlor- 
ite gneiss.    (Compare  Report  for  1886,  pp.  105-6-  176-7). 

N.  E.  i,  N.  W.  i,  sec.  17,  T.  65-5.  A  quarter  of  a  mile  beyond  the 
last  point.  The  formation  has  become  graywacke-like.  It  attains,  as 
usual  for  the  gray  wackenitic  rocks  of  the  entire  region,  a  very  mas- 
sive development.  This  is  near  the  southern  point  of  West  Seagull 
lake. 

Rock  581.     Oray  wacke,  dark  and  fine. 

N.  E.  i.  N.  W.  i,  sec.  17,  T.  65-5.  Southern  point  (bead)  of  West 
Seagull  lake.     Massive  gray  wacke  (502)  a  little  slaty  in  places. 

N.  W.  i,  N.  E.  i,  sec.  17,  T.  65-5.  One-eighth  mile  northeast  of 
southern  point  of  West  Seagull  lake.  At  the  beach,  chlorite  schist. 
A  few  steps  back,  syenite  gneiss  with  red  feldspar,  alternating  and 
mixed  with  chlorite  schist.     One  example  follows: 

The  schist  in  places  approaches  the  condition  of  a  greenstone.  The 
gneiss  has  the  commou  character,  with  pale  red  feldspar  and  scattered 
grains  of  quartz. 

Rock  573.    Gneiss  and  chloritic  rock  in  contact. 

The  small  island  off  this  locality  is  composed  of  chlorite  syenite; 
and  the  point  projecting  in  from  the  east  is  the  same. 

S.  E  i,  S.  W.  i,  sec.  8,  T.  65-5.  Island  north  of  the  extremity  of 
the  point  last  mentioned.  Quartziferous  granular  felsyte  (843)  very 
similar  to  that  seen  in  the  west  long  arm  of  Sa8:anaga  lake. 

This  island  is  scarcely  half  a  mile  north  of  the  head  of  West  Sea* 
^uU  lake,  and  the  "point"  is  nearly  midway  between  them. 

The  cape  jutting  northward  less  than  half  a  mile  east,  is  com« 
posed  of  chlorite  syenite;  while  the  large  island  between  the  cape 
.and  the  east  shore  is  of  syenite  of  the  usual  sort  for  this  region. 
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Fig.  63. — Intermixture  of  syenite  gneiss  and  chlorite  schist^  West  Sea- 

gull  lake. 

S.  E.  i,  N.  W.  i,  sec.  9,  T.  65-6.    East  side  of  West  Seagull  lake. 

Syenite  (594)  with  well  formed  hornblende;  but  the  grains  of  quartz 
are  not  remarkably  large,  nor  do  they  stand  conspicuous  on  weathered 
surfaces. 

S.  E.  i,  8.  W.  i,  sec.  4,  T.  65-5.  Neck  of  the  most  eastward  bay 
of  West  Seagull  lake.    Syenite  with  large  quartz  grains. 

S.  E.  i,  N.  E.  i,  sec.  9,  T.  65-5.  On  the  rapids  from  West  Seagull 
to  Seagull  lake.     Chlorite  syenite. 

The  stream  connecting  these  two  lakes  is  over  half  a  mile  long, 
flowing  toward  Seagull  lake.    The  rapid  requires  no  portage. 

§25. —  SBAOULL  LAKB. 

This  is  located  mainly  in  T.  65-5,  but  extends  half  a  mile  into  T. 
66-5  and  4,  and  a  mile  and  a  half  into  T.  65-4,  thus  covering  the 
comer  of  four  townships.    The  features  of  the  lake  in  the  vicinity  of 


296  SIXTEENTH  ANiniAL  REPORT 

the  foar  corners  are  shown  in  the  sketch-map,  figure  54,  which  show& 
the  connection  with  Saganaga  lake  through  the  arm  called  Seagull 
river.  This  lake  has  an  extreme  length,  northeast  and  southwest, 
of  about  six  miles,  with  a  main  breadth  of  nearly  two  miles.  The  west 
body  of  the  lake  is  a  clear  expanse  of  three  square  miles  only  inter- 
rupted by  small  islands  near  the  western  shore.  The  east  body  how- 
ever abounds  in  large  islands  which  occupy  half  the  area.  Cucumber 
island  is  two  miles  and  a  half  long,  with  a  mean  breadth  of  nearly 
half  a  mile.  A  high  ridfi:e  runs  longitudinally  through  it.  The 
original  forest  still  stands,  composed  largely  of  Norway  pine  nnd 
spruce.     In  the  region  west  of  Cucumber  island,  the  large,  lofty,  bald  i 

syenitic  islands  rise  very  conspicuously.  On  the  north  shore  is  a  syenite 
promontory  which  attains  an  elevation  of  160  feet.  Two  interesting 
features  are  presented  by  the  syenite  of  this  lake.  First,  its  passage 
through  chlorite  syenite  on  the  south,  toward  the  chlorite  schist  and 
argillytes  pertaining  to  the  Enife  lake  belt,  and  Second  the  general 
dissemniation  of  greenestone  pebbles  in  the  gneiss  which  proves  pre- 
monitory of  the  contiguity  of  actual  conglomerate  patches  imbedded 
in  the  gneissic  terrane,  as  already  described  on  Wonder  island  in  Sag- 
naga  lake,  and  mentioned  in  connection  with  West  Seagull  lake. 

Partaking  of  the  general  sterile  character  of  the  entire  region  trav- 
ersed by  the  Giant's  Range,  the  vicinity  of  Seagull  lake  possesses  few 
inducements  for  settlement,  and  gives  no  promise  of  important  min- 
eral discoveries.    Building  stone  is  the  chief  product  of  the  region 

There  seems  to  be  no  p(#tage  around  the  rapids  between  West  Sea- 
gull and  Seagull  lakes.  The  stream  is  mostly  broad  and  sufficiently 
deep  for  canoeing;  but  some  of  the  rapids  are  rather  exciting. 

y.  E  i,  S.  E  i,  sec.  9,  T.  66-5.  South  of  the  mouth  of  the  stream. 
Chlorite  syenite. 

S.  W.  i,  S.  W.  i,  sec.  10,  T  65-5.  Island  nearest  the  last.  Syenite 
with  partially  developed  hornblende. 

S.  W.  cor.  sec.  10,  T.  65-5.  Point  of  cape  from  the  west.  Syenite 
like  last,  but  the  hornblende  is  imperfect. 

N.  E.  i,  N.  E.  i,  sec.  16,  T.  66-6.  Entrance  to  broad  westward 
bay.    Syenite  with  hornblende  distinct. 

N.  E.  h  S.  E.  i,  sec.  16,  T.  66-5.  Nearest  island  to  south  point  of 
bay.    Syenite  as  before. 

S.  W.  i.  S.  W.  i.  sec.  15,  T.  65-6.  Near  southern  extremity. 
Syenite  weathering  white.  This  may  be  compared  with  syenite  (578) 
on  west  shore  of  West  Seagull  lake.  The  quartz  exists  in  large 
grains. 
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N.  W.  i,  S.  E.  i,  sec.  15,  T.  65-6.  Syenite  (596)  very  well  marked, 
but  the  hornblende  is  somewhat  chloritized. 

The  islands  in  this  vicinity  are  of  syenite.  A  high  massive  clifF  ex- 
tends along  south  side  of  narrow,  eastward  projecting  bay.  The  two 
capes  next  northeast  are  of  common  syenite,  and  a  high  cliff  is  ex- 
posed on  the  southern  one. 

Observation  of  many  shores  and  islands  on  the  southeastern  and 

central  parts  of  the  laka  proves  them  all  to  be  formed  of  the  prevail- 
syenitc. 

The  remainder  of  this  lake  is  illustrated  by  the  following  map: 

"ST 


tig.  54.— .Vor/A  ]\irt  t\f  Sta  Gh\  lakt^  Ts.  66-5  and  4  and  65-5  and  4, 
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The  numbers  on  the  last  map  refer  to  rock  samples  as  follows: 
120r9hows  the  locality  for  rock  597.        1209  shows  the  locality  for  rocks  599-607. 
120.S  »«  *«  598.        1210  »•  ♦•  608. 

N  H.  W. 

N.  W.  i,  sec.  12.  T.  65-5.  Cucumber  island.  Syenite  with  coarse 
grains  of  quartz, — 596. 

S.  E.  i,  S.  W.  i.  sec.  1,  T.  65-5.  West  side  of  Cucumber  island. 
Chlorito-gray wackenitic  conglomerate  (597).  Apparently  not  Ogishke 
conglomerate,  but  very  similar  to  that  which  will  be  more  particularly 
described  in  connection  with  the  promontory  on  the  west  shore— 
rocks  599-607. 

It  must  be  noted  that  this  conglomerate,  like  that  at  Wonder  island  t 

is  inclosed  in  the  syenitic  terrane.     Still  it  differs  from  that  in  haying 
a  graywackenitic  groundmass  instead  of  a  syenitic  one. 

S  E.  i,  S.  W.  i,  sec  1,  T.  65-6.  A  few  rods  north  of  the  last.  Sag- 
anaga  syenite. 

S.  E  i,  S.  W.  i,  sec.  1,  T.  65-5.  Oneeighth  of  a  mile  north  of  the 
conglomerate,  Cucumber  island.  Sagahaga  syenite.  I  made  frequent 
examination  to  learn  whether  the  syenite  and  the  conglomerate  alter- 
nate. 

Centre  of  sec.  1,  T.  65-5.  Near  north  end  of  Cucumber  island. 
Saganaga  syenite  (598),  the  quartz  very  coarse. 

IS.  W.  i,  N.  W.  i,  sec.  1,  T.  65-5.  See  sketch-map,  fig.  54.  A 
vast  and  imposing  promontory  of  syenite,  slightly  pinkish  at  a  dis- 
tance, in  consequence  of  pale  red  feldspar.  The  grains  of  quartz  are 
<2oarse,  as  usual.  The  hornblende  is  in  small  individuals,  and  they 
iind  the  quartz  are  well  isolated,  but  the  feldspar  tends  to  form  a 
groundmass  though  distinctly  and  coarsely  crystalline. 

The  syenitic  mass  is  not  homogeneous  in  composition.  Some  por- 
tions are  a  very  fine-grained  granulyte  with  very  little  hornblende,  but 
these  portions  have  the  appiarance  of  foreign  masses,  though  some  of 
them  are  several  feet  in  lengthy  with  a  width  of  a  foot  and  less — some- 
times like  sheets  three  or  four  inches  thick. 

What  is  more  remarkable,  the  syenite  mass  contains  distinctly 
limited,  rounded  pebbles,  two  to  six  inches  in  diameter,  and  of  a  dark 
color.  These  are  not  homogeneous  in  composition,  but  apparently 
finely  diabasic.  They  are  so  firmly  imbedded  in  the  solid,  vertical 
wall,  or  so  inaccessible  that  it  was  found  impracticable  to  procure 
samples  or  even  inspect  them  very  closely.  Other  rounded  pebbles, 
however,  are  not  distinctly  diabasic,  though  perhaps  essentially  so. 
The  principal  mass  is  a  blue-green-blackish  substance,  which  may  be 
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either  augitic  or  chloritic;  but  imbedded  in  this  are  needles  and  lam- 
inae of  glassy  feldspar. 

But  besides  these,  are  pebbles  or  pieces,  generally  smaller  than  the 
others,  which  are  composed  of  a  chloritic  substance,  and,  if  I  mistake 
not,  themselves  contain  angular  fragments  like  the  chloritic  conglom- 
erate, number  597. 

Again  a  chloritic  rock  material  is  sometimes  included  between  mas- 
ses of  syenite-like  sedimentary  sheets,  with  the  fine  lamination,  or  at 
least,  structural  lines  running  parallel  with  the  syenite  surfaces.  Parts 
of  these  sheets  contain  irregularly  disseminated  fragments  of  pink 
feldspar. 

Rock  599.     Saganaga  syenite — ordinary  appearance. 

Rock  600.     Fine  granulyte  included  in  above. 

Rock  601.     Syenite  including  pieces  of  chlorite  rock. 

Rock  602.     Piece  of  included  chlorite  rock. 

Rock  603.     Included  chlorite  schist. 

Rock  604.     Pebble  of  fine  syenite. 

Rock  605.     Same  fine  syenite  stratified. 

Rock  606.     Pebble  of  chloritic  diabase.  • 

Rock  607.     Syenite  with  carbonate  of  copper. 

All  the  islands  in  this  vicinity  were  visited,  but  common  Saganaga 
syenite  everywhere  prevails. 

S.  W.  i,  sec.  31,  T.  66-4.  South  end  of  portage  around  rapids  into 
so-called  "Seagull  river**— short  navigable  rapids  having  been  already 
passed  twenty  rods  to  the  south.  Still  syenite  (608),  but  the  horn- 
blende is  here  more  abundant  and  blacker.  The  quartz  is  much  less 
abundant,  and  the  feldspar  individuals  are  well  isolated. 

This  portage  is  about  a  quarter  of  a  mile,  along  the  east  side  of  the 
rapids. 

The  ''rapids"  so-marked  on  the  plat,  a  few  rods  farther  north 
may  be  navigated. 

§  26. — LOON  hkKE. 

• 
Loon  lake  lies  in  the  southern  part  of  T.  65-3  W.  It  is  nearly  four 
miles  long  east  and  west,  and  for  most  of  its  length  half  a  mile  wide, 
but  expanding  toward  the  eastern  end  to  more  than  a  mile  in  width. 
On  the  south  side  of  the  lake  is  a  high  mountainous  peninsula,  a  mile 
and  a  quarter  long,  trending  east  and  west,  with  an  isthmus  ten  rods 
wide  and  bounded  on  the  south  by  a  slender  arm  of  the  lake  about  fif- 
teen rods  broad.     Loon  lake  is  hemmed  in  by  lofty  ranges  of  gabbro- 
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covered  Animike  slate  hills  lying  on  the  north  and  south,  but  mncb 
more  precipitous  and  lofty  on  the  south. 

The  whole  region  has  been  burned  over;  but  small  patches*  of  the- 
original  forest  remain,  and  low  lying  slopes  are  already  reclothed  with 
thrifty  young  trees  of  poplars  and  birch. 

This  lake  lies  wholly  within  the  Animike  region,  and  many  charHC* 
teristic  cliffs  of  gabbro-covered  black  argillyte  and  siliceous  schist  rise 
along  the  south  shore.     Porphyries  abound  on  the  north  shore. 

The  principal  portage  to  Loon  lake  passes  out  from  the  western  ex- 
tremity of  the  little  peninsula  in  sec.  23,  on  the  south  shore  of  Oun- 
flint  lake.     It  winds  over  a  pass  in  the  Mesabi  range,  a  distance  of 
three-quarters  of  a  mile.     The  portage  is  little  frequented  and  rather 
difficult  from  the  intervention  of  hills,  rocks  ai^d  fallen  timber. 

S.  W.  i,  N.  E.  i,  sec.  26,  T.  65-3.  Near  termination  of  portage,  od 
the  west.  An  unusual  rock.  A  groundmass  of  a  gray  color,  appar- 
ently composed  of  feldspar  and  augite.  Abundant  parallelopipeilon» 
of  a  waxy,  striated  feldspar  disseminated  through  the  groundmass. 

Rock  691.     Porphyritic  noryte. 

It  occurs  in  a  low  exposure  close  to  the  water  on  the  north  shore. 

N  E.  i,  S.  W.  i,  sec.  26,  T.  65-3.  Half  a  mile  further  west.  Gab- 
bro  (692)  in  a  low  outcKop. 

N.  W.  i,  S.  W.  i,  sec.  26,  T.  65-3.  Forty  rods  still  west.  A  very 
interesting  rock  resembling  syenite,  very  hornblendic  or  perhaps  au- 
gitic,  with  reddish  feldspar  in  small  grains  generally  distributed,  and 
in  places  clustered. 

Rock  693.     Resembling  syenite,  but  probably  gabbrolitic. 

A  few  steps  back,  a  more  massive  outcrop  occurs,  which,  while 
containing  some  reddish  feldspar,  has  a  decidedly  gabbrolitic  aspect, 
especially  on  weathered  surfaces.     Contains  also,  a  whitish  feldspar. 

Rock  694.     Gabbrolitic  rock. 

S.  W.  i,  S.  W.  i,  sec.  26,  T.  65-3.  Forty  rods  west  of  the  la»t. 
Syenite  looking  rock  again  (695)  but  it  is  probably  noryte. 

It  luis  a  dark  crystalline  groundmass,  reddish  feldspar  prisms  and 
grains  disseminated;  also  a  most  abundant  dull  waxy  feldspar. 

S.  E.  i,  S  E.  i,  sec.  27.  T.  65-3.  Close  by  the  last.  Appears  like  a 
simple,  fine-grained  diabase;  but,  considering  the  association,  I  shall 
set  it  down  as  noryte — ^696. 

S.  E.  i,  S.  E.  i.  sec.  27,  T.  65-3.  Within  ten  steps  of  rock  690. 
A  low,  exposed  point  of  rock  like  that  of  rock  691.  The  weathered 
surface  is  remarkable.  There  appears  a  groundmass  composed  of  fine 
black  crystals  mingled  with  sharp-cornered  slightly  larger  crystals  of 
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«  reddish  feldspar.  In  this  groutidmass  are  dissemiuated  white- 
weathering  crystals  and  masses  of  a  pale  waxy  feldspar  attaining  di- 
mensions up  to  an  inch  and  more  in  diameter. 

The  freshly  broken  surface  presents  a  groundmass  with  the  elehients 
Jess  individualized,  and  the  coarse  feldspar  pale- waxy,  faiatly  striated 
— it  being  very  difficult  under  a  Coddington  lens  to  detect  the  lines. 

Rock  697.     Porphyritic  noryte. 

This  would  be  an  admirable  rock  for  inside  decoration,  its  red-spec- 
ked groundmass  studded  with  pleasingly  tiu  ted,  four-angled  crystals 
.and  rounded  forms  of  feldspar. 

S.  E  i,  S.  E.  i,  sec.  27,  T.  65-3.  Close  by  rock  697.  Resembling 
outcrop,  rock  693 — ^syenite-looking. 

S.  W.  i,  S.  E.  i,  sec.  27,  T.  663.  Twenty  rods  west.  Compact, 
medium-grained  gabbro  (698),  with  plates  and  masses  of  shining  mag- 
netite. 

S.  W.  i,  S  E.  i,  sec.  27,  T.  65-3.  Less  than  a  mile  and  a  half  from 
where  I  first  struck  this  lake.     Gabbro  above  medium  coarseness. 

S.  W.  i,  S.  W.  i,  sec.  27,  T.  65  3.  Porphyritic  noryte  identical 
with  that  of  rock  697,  but  the  reddish  constituent  of  the  groundmass 
much  less  abundant,  and  hence  not  so  fine  for  decorative  purposes. 

S.  W.  i,  S.  W.  i,  sec.  27,  T.  65-3.  Close  by  the  last.  Fine,  uni- 
formly  tinted  noryte  (699),  with  considerable  fine,  disseminated  pyrites. 

IS  W.  i,  S.  W.  i,  sec.  27,  T,  65-3.  Four  rods  west  of  699.  For- 
mation  appears  bedded,  with  a  low  dip  northeast;  but  examination 
•shows  it  a  fine  dark  gray  homogeneous  rock  with  thin  scales  waxy- 
trauslucent;  and  I  feel  compelled  to  put  this  down  also  in  the  same 
•group  as  the  other  varieties  seen. 

Rock  700.     Noryte  exceedingly  fine,  almost  aphanitic. 

S.  E.  i.  S.  E.  i,  sec.  28,  T.  65.3.  Porphyritic  noryte  in  a  high  ex- 
posure. 

S.  W.  i,  S.  E.  i,  sec.  28,  T.  65-3.  One  mile  from  western  extrem- 
ity of  Loon  lake,  north  shore.  Gabbro  (701)  of  medium  coarseuess 
again. 

N.  W.  i,  N.  W.  i,  sec.  33,  T.  65-3.  Half  mile  from  west 'end  of 
lake.    Low  exposure  nf  porphyritic  noryte. 

N.  W.  i,  N.  W.  i,  sec.  33,  T.  65-3.  Formation  like  that  at  rock 
700,  but  a  little  coarser. 

Rock  702.    Fine-grained  noryte. 

Within  a  few  feet  occurs  the  porphyritic  noryte,  and  then,  a  few 
feet  further,  tht  fine  noryte  recurs. 

A  few  rods  further  west,  the  noryte  is  coarser. 
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Next  comes  the  porphyry  again  —  a  large  outcrop. 

The  fine  nory te  recurs  —  all  the  exposures  toward  the  western  ex- 
tremity of  the  lake  being  larger  than  those  more  easterly. 

N.  E.  i,  N.  E.  i,  sec.  32,  T.  65-3.  Near  west  end  of  lake.  -  Notic- 
ing a  whitish  sort  of  rock  exposed  in  the  hill  north  of  the  western 
end  of  the  lake,  I  went  up  to  it,  and  found  it  simply  gabbro  with  a 
dark  waxy  or  reddish  feldspar  which  weathers  nearly  white,  and  pro- 
duces a  striking  speckled  appearance  on  the  rock.  Some  of  this  i& 
porphyritic. 

Rock  703.  Gabbro,  with  weathered  surface  aud  peroxidized  iron  in 
a  portion. 

Rock  704.    Gabbro  with  large  augitic  crystals  weathered  out. 

S.  W.  i,  N.  IS.  i,  sec.  32,  T.  65-3.  End  of  lake.  A  high  clifiF  at 
the  west  extremity  of  the  lake  exposes  some  white-weathering  gabbro 
quite  conspicuously.  Examination  shows  other  portions  very  fine 
(705);  and  some  portions  have  weathered  with  a  conspicuous  iron 
stain,  giving  the  appearance  of  an  iron  mine. 

Noryte  or  gabbro,  crumbling  and  rusty,  extends  eastward  along 
south  shore,  falling  down  from  ledges  40  feet  above,  and  forming  a 
talus. 

N.  E.  J,  N.  W.  i,  sec.  32,  T.  65-3.  Half  mile  from  west  end.  An 
exposure  of  slate,  about  25  feet  high,  having  a  dip  of  16^  in  a  direc- 
tion S.  80^  E.  (according  to  needle,  which  may  be  locally  aflfected.) 
The  slate  occurs  in  beds  three  to  four  inches  thick.  Some  of  them 
are  hard  and  ringing  when  struck  with  the  hammer,  having  a  very 
compact  and  fino-grained  structure,  iron-gray  in  color,  and  with 
abundant  fine  scnle-like  mineral  disseminated  through  it,  shining  like 
pyrites,  but  possibly  magnetite.  Some  samples  have  a  shining,  pyrites- 
like mineral  accumulated  in  little  circular  areas,  giving  the  appear, 
ance  of  thin  fish-scale?. 

The  form  of  the  rock  first  described  is  exactly  that  of  699  and  700^ 
which  I  did  not  recognize  as  slate,  though  the  latter  was  observed  to> 
be  actually  bedded. 

Rock  706.     Slate,  prevailing  condition. 

Rock  707.     Slate,  with  dark,  scale-like  areas. 

S.  E.  i,  N.  £.  i,  sec.  34,  T.  65-3.  Middle  of  south  side.  Large 
angular  fragments  of  solid  gabbro. 

N.  W.  i,  N.  W.  i,  sec.  35,  T.  65-8.  Close  by  the  last.  Compact 
slate,  like  that  of  706  and  707,  in  a  low  outcrop. 

N.  W.  i,  N.  W.  i,  sec.  35,  T.  66-8.  Very  near  the  last.  Fine, 
gabbro-looking,  but  the  formation  is  in  massive  beds  dipping  E.  S.  E. 
about  8*"  or  10%  and  T  suspect  it  belongs  to  the  slate  formation. 
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Rock  708.     Gabbroloid  slate  ? 

Above  40  feet,  the  rock  looks  more. massive. 

A  gabbro-like  crest  continues  along  this  ridge,  terminating  in  a  hill 
about  150  feet  high,  with  a  precipitous  brow  hanging  perpendicularly 
36  feet. 

1.  N.  E.  i,  N.  W.  i,  sec.  35,  T.  65-3.  One-fourth  mile  from 
the  last.  The  brow  of  gabbro  almost  overhangs  this  spot;  but 
at  the  bottom  here  is  an  exposure  of  slate  dipping  13"^  in  a  direction 
about  south  (according  to  the  compass  and  according  to  estimation). 
The  slate  is  mostly  hard  and  ringing,  dark  gray,  and  exceedingly  fine 
textured.  Some  of  the  thinner  layers  are  darker  and  more  argiilitic. 
In  bands  or  zones  there  are  laminse  not  over  a  thirty-second  of  an  inch 

■ 

thick. 

Rock  709.    Prevailing  character  of  the  slate. 

Rock  710.     A  thin  layer,  dark,  argiilitic. 

Rock  711.     Thin  laminae. 

Rock  712.    Specimen  about  8  feet  above  water. 

Rock  713.    Specimen  20  feet  above  water. 

Moving  out  into  the  lake,  the  bedded  structure  can  be  distinctly 
seen  to  a  hight  of  80  feet.  Above  this  for  40  feet,  the  rock  has  a 
massive  gabbro-like  aspect. 

N.  W.  i,  N.  W.  i,  sec.  36,  T.  65-3.  East  end  of  long  peninsula. 
Oftbbro. 

On  the  main  land  south  of  the  peninsula,  are  exposures  along  the 
brow  of  the  ridge,  which  weather  like  gabbro.  No  outcrop,  however, 
appears  along  the  shore. 

N.  E.  i,  N.  W.  i,  sec.  36,  T.  65-3.  East  end  Loon  lake.  A  good 
exposure  of  a  massive  character,  without  an  indication  of  bedding. 
But  examination  shows  it  to  be  of  the  character  of  the  magnetitic 
slate. 

Rock  714.    Magnetitic  slate,  showing  no  bedding. 

N.  W.  i,  N.  W.  i,  sec.  36,  T.  65-3.  Near  point  of  cape.  East 
end.  A  fine-textured,  uniformly  dark  gray  rock,  in  which  the  ele- 
ments of  a  noryte  can  be  discerned. 

S.  W.  i,  S.  W.  i,  sec.  25,  T.  65-3.  On  the  cape,  north  of  point.  A 
cliff  of  slate  125  feet  high,  having  gentle  dip  southward. 

This  is  succeeded  easterly  by  a  precipice  of  gabbro.  This,  at  the 
eastern  end  forms  a  perpendicular  face  35  feet  high,  with  quite  a  ba- 
saltic aspect.     Below  is  a  talus  reaching  to  the  beach. 

N.  E.  i,  S.  W.  i,  sec.  25,  T.  66-3.  East  end,  north  bay.  A  low 
outcrop  of  medium  texture  gabbro. 
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N.  E.  i,  S.  W.  i,  sec,  25,  T.  65-3  Close  by  the  last.  Heavy-bed- 
dad,  eruptive-looking  slate — same  as  at  rocks  699,  700  and  706-7. 

N.  E.  i.  S.  E.  i,  sec.  2(),  T.  65-3.  Onethird  mile  west  of  the  last. 
Low  exposure  of  coarse  grained  gabbro. 

Rock  715.     Coarse-textured  porphyry. 

Above  this  is  the  porphyritic  noryte.  My  use  of  different  terms— 
noryte  and  gabbro — cannot  be  made  precise  in  the  field.  I  name  the 
rock  noryte  when  both  the  basic  plagioclase  and  the  augite  are  of 
granular  form — they  are  also  generally  fine.  I  call  it  gabbro  when 
their  forms  are  lamellar  or  coarsely  crystalline — in  which  case  magne* 
tite  is  more  conspicuously  present,  and  sometimes  olivine.  I  think, 
after  making  the  tour  of  Loon  lake,  that  perhaps  all  the  erapted  rocks 
are  gabbrolitic  essentially. 

On  the  portage  to  Gunflint  lake,  one-eighth  mile  from  Loon  lake. 
Gabbro  of  medium  texture. 

§27. —  IRON  OR   MAYHEW   LAKE. 

This  is  a  long,  narrow,  east-west  lying  lake,  three  miles  qf  which 
are  in  the  extreme  southern  part  of  T.  65-2  W.  and  one  mile  in  the 
southeast  corner  of  T.  65-3  W.  Its  average  width  does  not  exceed 
twenty  rods.  The  shores  are  only  moderately  elevated,  but  generally 
rocky  and  irregular  in  outline,  and  extending  on  the  south  side  into 
one  narrow  bay  three-quarters  of  a  mile  in  length  with  its  axis  south- 
west by  west.  The  borders  of  the  lake  are  shaded  by  a  light  forest. 
The  narrowness  of  the  lake  causes  the  opposite  forests  to  seem  to  shut 
together  and  exclude  the  visitor  from  connection  with  the  world.  He 
seems  imprisoned  in  a  narrow  slit,  from  which  the  strongest  impulse 
is  to  escape. 

The  rim  of  the  lake  is  mostly  massive  gabbro.  This  in  places  is  so 
strongly  charged  with  magnetite  that  one  might  truthfully  conceive 
of  the  prison-lake  as  iron-bound.  The  abundance  of  magnetite  caused 
attention  within  a  few  years  to  be  directed  to  the  region,  but  investi- 
gation showed  the  ore  to  be  strongly  titaniferous.  Results  of  details 
of  observations  and  a  chemical  analysis  are  given  in  the  tenth  annual 
report  on  the  geology  of  Minnesota,  pages  80,  81,  82  and  83. 

The  lake  is  161  feet  higher  than  Gunflint  lake  and  1,213  feet  above 
lake  Superior.  It  is  nearly  at  the  elevation  of  the  high  gabbro  bluffs 
of  the  adjacent  lakes,  Gunflint,  Loon,  Mountain  and  others;  and  this 
may  explain  the  low-lying  relative  position  of  the  gabbro  shores  and 
islands. 
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Au  obscure  portage  trail  goes  out  from  Loon  lake  at  a  point  on  the 
south  shore  precisely  south  of  the  east  point  of  the  long  peninsula.  It 
is  about  half  a  mile  in  length  and  ascends  steeply  to  the  summit  of 
the  intervening  ridge  whence  a  slight  descent  leads  to  Iron  lake. 

S.  W  i.  S.  E.  i,  sec.  36,  T.  65-3.  Iron  lake.  An  island  half  a 
mile  east  of  end  of  portage.     A  naked,  crumbling  gabbro  dome. 

Rock  790.     Gabbro,  coarse,  crumbling,  highly  magnelitic. 

The  rock  is  of  similar  character  on  the  south  shore  opposite. 

N.  W.  i,  S.  W.  i,  sec.  31,  T.  65.2.  North  shore.  Black  sheets  of 
magnetite  are  seen  spreading  out  in  the  gabbro  in  an  irregular  way. 
Here  and  there  fragments  of  the  gabbro  are  involved  in  it.  The  ap- 
pearance is  as  if  the  magnetite  had  existed  previously  and  been  intro- 
duced into  the  mass  of  fluid  gabbro,  and  never  generally  diffused. 
There  is  sometimes  a  green  mineral  like  copper  carbonate  which  I  re- 
served for  subsequent  examination. 

Uock  791.     Magnetite  in  gabbro,  with  green  mineral.     Iron  lake. 

This  locality  was  revisited  and  more  carefully  studied.  It  furnishes 
A  large  quantity  of  titaniferous  iron  ore. 

But  the  most  interesting  fact  is  the  occurrence  of  gabbro  uncon- 
formable on  a  sedimentary  rock  which  appears  thus  far,  to  belong  to 
the  Animike  (794).  I  think  it  will  go  with  the  ''Muscovado,*'  studied 
last  year,  and  which,  after  careful  examination  in  many  places,  I  con- 
cluded to  be  sedimentary.  It  contains  some  quartz  and  much  glassy 
feldspar.  I  think  it  is  this  bed  which  in  the  tenth  annual  report, 
p.  81,  is  referred  to  as  a  ''gray  quartzyte  (apparently),"  and  also,  as 
''appearing  like  a  granular  gray  quartzyte,  but  really  consisting  of  the 
minerals  that  go  to  make  gabbro.*' 

I  find  in  this  vicinity  fragments  of  Animike  slate,  well  rusted;  but 
when  broken,  a  black,  lustreless  mineral  appears  which  can  be  traced 
in  outline  into  the  rusted  coat.     This  must  be  examined. 

Rock  795.     Rusted  Animike  slate. 

Rock  796.     Titaniferous  gabbro,  with  red  zone. 

This  is  to  be  used  to  ascertain  whether  the  red  zone  results  from 
change  of  the  magnetite  or  of  olivine. 

Rock  797.  Muscovado,  from  fragments  on  the  gabbro — some  clearly 
stratified. 

Rock  798.  Hornblendic  and  greenstone  pebbles,  mixed  together  in 
a  groundmass  of  syenite.    From  a  bowlder. 

North  shore  Iron  lake  east  end,  in  sec.  33,  T.  65-2  One  of  numer- 
ous exposures  of  gabbro  containing  much  magnetite. 

Rock  792     Gabbro  with  titaniferous  iron. 
38 
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Rock  793.  From  a  bowlder,  but  known  to  belong  to  the  Animike 
of  Gunflint  lake.  The  rustiness  of  the  exterior  awakens  curiosity. 
The  rock  is  to  be  investigated  for  chalybite  or  ankerite.  [P.  S. — The 
rock  efferyesces  with  acid;  but  the  fully  changed  red  portion  does 
not]. 

The  course  of  the  descriptions  here  returns  west  again  and  takes  up 
the  geology  of  certain  lakes  belonging  to  the  second  series  south  of 
the  boundary  series. 


§  28. — FROG  ROCK  LAKE. 

This  small  lake  is  in  the  western  part  of  T.  66-5,  lying  chiefly  in 
sec.  18,  but  extending  to  the  middle  of  sec.  17  and  a  short  distance 
into  sec.  19.  It  is  southwest  from  West  Seagull  lake  and  drains  into 
it  and  thence  into  Seagull  and  Saganaga.  It  is  surrounded  by  low, 
mostly  naked  hills  of  dark,  solid,  eruptive-looking  rocks,  some  of 
which  seem  to  be  highly  altered  or  siliceous  conditions  of  the  Eewatin 
series.  It  is  however,  the  region  of  passage  from  the  vertical  crystal- 
line schists  of  West  Seagull  lake  to  the  vertical  earthy  schists  and 
conglomerate  of  Ogishke-muncie  lake.  Some  of  the  eruptive-looking 
masses  rise  in  rounded  domes  25  to  50  feet  above  the  lake.  In  the 
eastward  direction  are  seen  hills  which  appear  to  be  200  feet  high. 

I  devoted  considerable  time  to  this  lake  and  hoped  to  get  an  insight 
into  its  geology;  but  the  situation  is  di£Scult  and  I  can  hardly  do 
more  than  reproduce  the  facts  as  I  observed  them. 

The  principal  approach  to  the  lake  is  from  West  Seagull,  along  a 
portage  about  a  third  of  a  mile  in  length,  which  passes  over  a  treeless 
hill  abounding  in  geological  interest,  with  the  sound  of  the  cascades 
in  the'  connecting  stream  arising  on  the  west.  We  return  to  the 
northern  extremity  of  that  portage. 

N.  E  i,  N.  W.  i,  sec.  17,  T.  65-5.  Near  foot  of  portage,  not  far 
east  of  portage  landing.  The  rock  exposed  on  shore  is  similar  to  that 
of  540,  Knife  lake,  but  distinctly  more  schistic,  and  much  less  quartz- 
ose.     It  is  a  felsitic,  chloritic  argillyte  (844)  of  irregular  structure. 

Within  eight  rods,  the  formation  passes  to  a  fine  argillo-micaceous 
schist,  of  quite  normal  structure.  Still  further  it  becomes  greeijish, 
harder,  less  distinctly  bedded,  with  crystals  of  feldspar  and  veins  and 
aggregations  of  quartz  (compare  below,  rocks  582-90).  Further  still, 
the  rock  becomes  a  porphyrelloid  graywacke  of  greenish:  color,  contain* 
ing  both  opaque  and  glassy  feldspar  crystals  (compare  under  rocka 
583-90). 


_     «  •  •  • 
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Rock  845.     Argillo-micaceous  schist. 

Bock  846.     Porphjrelloid  gray wacke  (compare  584). 

On  an  earlier  trip  over  this  portage  the  following  observations  were 
recorded : 

Massive  domes  of  graywackenitic  rock  appear,  alternating  with  a 
handsome  and  rather  striking  porphjrel. 

One-eighth  mile  on  the  portage*  The  porphyrel  contains  mostly 
oblong  forms  of  feldspar,  some  of  which  are  angular  and  others 
rounded.  There  are  also  scattered  cuboids  of  quartz  exactly  like 
those  seen  in  the  characteristic  Saganaga  syenite — but  these  are  not 
everywhere  distributed.  The  groundmass  appears  highly  chloritic, 
and  the  feldspar  individuals  are  not  sharply  isplated  from  it. 

In  places,  the  graywacke  is  quite  chloritic,  and  angular  fragments 
of  itself  or  a  less  chloritic  rock  are  imbedded  in  it.  This,  on  the 
whole,  presents  a  resemblance  to  the  Stuntz  conglomerate.  In  some 
specimens,  the  included  fragments  are  more  decidedly  of  the  aspect  of 
the  Stuntz  conglomerate. 

Rock  588.    The  prevailing  graywacke. 

Rock  584.     The  prevailing  porphyrel. 

Rock  585.     Conglomeriticy  chloritic  graywacke. 

The  graywacke  contains  iron  enough  to  impart  sensibly  increased 
weight.  In  places  it  is  crystallized  in  seams  and  fissures  as  haematite. 
The  rock  is  also  intersected  with  veins  of  quartz  and  of  epidote. 

In  the  chloritic  portions,  where  the  conglomeritic  condition  appears, 
the  rock  reminds  me  of  that  on  the  south  side  of  Fall  lake.  But  these 
portions  also,  are  most  abundant  in  iron,  and  sometimes  give  a  red- 
dish streak  (586).  In  places,  the  included  fragments  have  a  parallel- 
laminated  structure,  as  if  from  a  sedimentary  rock. 

Rock  586.     Chloritic  groundmass  with  much  iron. 

Rock  587.  Fragment  of  included  laminated,  angular  mass,  with 
iron  and  an  epidote  seam. 

As  I  proceed  over  the  hill,  the  country  rock  becomes  still  more  chloritic 
— in  places,  hard  and  jointed;  in  others  standing  in  yertical irregular,, 
cuneiform  laminae  (589).  It  is  cut  by  occasional  veins  of  quartz  (590), 
one  of  which  is  a  foot'  wide. 

Frog  Rock  lake,  head  of  rapids  out.    Here  is  a  dike  of  beautiful 
diabase  (591),  over  which  the  stream  takes  its  first  plunge.    But  in 
the  midst  of  the  diabase,  I  find  fine  graywacke;  as  if  two  dikes  ap- 
proached each  other. 

Rock  592.     Graywacke  between  two  masses  of  diabase. 

I  took  a  photograj)hic  view  of  the  falls  at  this  place. 
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S.  E.  i,  N.  W.  i,  sec.  17,  T.  65-5.  North  shore  a  few  rods  from 
outlet.  Compact,  massive,  bluish  rock,  weathering  schistic,  but  Hke 
Jelsyte  within. 

Rock  847.     Felsyte  schist. 

S.  E.  J,  N.  W.  i,  sec.  17,  T.  65-5.  Twenty  rods  further  west. 
Similar  to  last,  but  greener.     Rock  848. 

S.  W,  i,  N.  W.  i,  sec.  17,  T.  65-5.  Low  dome  of  handsome  diabase 
<849)  in  form  of  a  dike. 

S.  W.  i,  N.  W.  i,  sec  17,  T.  65-5.    Chlorite  granulyte— rock  860. 

S.  W.  i,  N.  W.  i,  sec.  17,  T.  65-5.  Less  than  half  a  mile  from  out- 
let of  lake.  A  low  outcrop  of  a  green  rock,  composed  of  a  green  fib- 
rous mineral  and  a  little  light  feldspar.     A  greenstone,  rock  851. 

S.  W.  i,  N.  W.  i,  sec.  17,  T.  65-6.  Here  (852)  the  greenstone  con- 
tains a  little  more  feldspar,  and  is  intersected  by  a  dike  of  diabase; 
but  no  well  defined  line  of  contact  between  the  two  can  be  found. 

S.  E.  i,  M.  E.  i,  sec.  18.  T.  65-6.  Greenstone  of  a  finer  texture  and 
harder.     Rock  854. 

N.  E.  i,  N.  E.  i,  sec.  18,  T.  65-6.    Solitary  rock. 

Rock  855.     Greenstone,  a  little  coarser  than  Rock  854. 

S.  W.  i,  N.  E.  i,  sec.  18,  T.  65-5.  Greenstone  of  average  character. 
Olacial  strise  S.  1^  W. 

S.  W.  i,  N.  E.  i,  sec.  18,  T.  65-6.  High  bluflf  of  sericitic  felsyte, 
similar  to  rock  847,  848. 

Rock  855  bis.     Sericitic  felsyte  schist. 

N.  W.  i,  S.  E.  i,  sec.  18,  T.  65-5.  Here  a  dike  of  compact,  fine- 
grained diabase  intersects  Rock  855. 

S.  W.  i,  N.  E.  i,  sec.  18,  T.  65-5.  High  bluflF  of  greenish  lock, 
intermediate  in  appearance  between  the  greenstone  and  the  sericitic 
felsyte. 

Rock  856.     Like  855,  but  harder  and  darker. 

Near  centre  of  sec.  18,  T.  65-5.  Bluff  of  fine,  grayish-green  rock, 
appearing  like  the  sericitic  felsyte  schist  in  a  finer  state. 

Rock  857.     Fine,  grayish-green  sericitic  or  chloritic  felsyte. 

Near  centre  sec.  18,  T.  65-6.  Camp.  A  low  outcrop  of  sericitic 
felsyte  (schist?),  rock  858;  dark,  nearly  black,  rough-weathering,  pre- 
senting externally  quite  a  resemblance  to  the  chloritic  rock  at  Eawasa- 
chong  falls.  Fall  lake.  In  the  irregularities  of  the  surface,  one  can 
trace,  sometimes,  courses  of  fibrous  or  laminated  structure,  mostly 
curved  or  even  abruptly  bent;  sometimes  a  jam  of  lenticular  and 
cuneiform  pieces  apparently  due  to  systems  of  jointage;  sometimes, 
a  n  indescribably  rough  and  jagsred  aggregate  of  shapeless  pieces.     If 


8TATK    GEOLOGIST.  309» 

namberless  little  balls  of  stiff  fiour-coatcd  dough  should  be  pressed 
together  from  opposite  directions,  they  would  become  flattened  and 
lenticular,  and  would  adhere  imperfectly;  and  if  then  hardened,  the 
mass  would  present  somewhat  the  structure  of  this  rock,  especially  if 
hard  baked  and  subjected  to  surface  abrasion.  The  pits  and  cavities 
of  the  weathered  surfaces  of  the  rock  are  indefinitely  shapeless  and 
ragged,  and  vary  in  depth  to  4,  6  or  8  inches.  No  unequivocal  bed- 
ding can  be  detected ;  but  there  is  a  prevailing  trend  in  the  constituent 
lenticules;  and  at  intervals,  a  coincident  general  division  of  the  mass- 
by  planes  dipping  about  60°  westward,  and  trending  S.  lO''  W.  These 
statements,  however,  do  not  apply  to  all  localities  in  this  vicinity. 

On  breaking  the  rock,  one  is  impressed  first,  by  its  comparative 
softness.  The  finger  nail  will  scratch  it  slightly.  Then  there  ap- 
pears a  sericitic  or  talcose  constitution.  This  is  seen  in  the  smooth 
surfaces  of  some  of  the  joints;  and  in  the  soft  and  easily  bruised  state 
of  consolidation ;  and  also,  in  the  fibrous  nature  of  some  of  the  jointed 
surfaces.  The  color  is  a  pale  greenish  or  bluish  drab.  Some  of  the 
fracture  surfaces  reveal  thin  scales  partly  disengaged,  and  these  are 
waxy  translucent.  They  pass  into  the  general  substance  of  the  rock; 
and  it  is  apparent  that  this  material  constitutes  the  principal  part  of 
the  mass.  It  is  softer  than  feldspar  and  harder  than  talc.  It  ap- 
proaches calcite.  Some  of  the  jointage  surfaces  have  a  dark  green, 
shining  and  chloritic  appearance. 

This  detailed  description  will  not  all  apply  to  the  rocks  not  denomi- 
nated greenstone,  so  far  as  seen  on  this  lake;  but  the  general  fe  iture9 
here  described  are  the  same  as  those  designated  *' sericitic  felsyte 
schist;'*  and  perhaps  those  called  simply  ''felsyte  schist.**  Special 
comparison  should  be  made.  The  description  does  fwt  apply  in  any 
particular  to  the  rocks  denominated  greenstone.  Tet,  I  cannot  a£Srm 
that  these  two  classes  of  rocks  do  not  graduate  into  each  other.  Nor 
can  I  afiBrni  that  this  rock  is  not  eruptive,  even  if  it  does  not  go  with 
the  greenstones. 

If  this  rock  is  shown  to  be  eruptive,  I  shall  be  willing  to  admit  the 
chloritic  rock  at  Eawasachong  falls  to  be  eruptive  also. 

While  the  observations  from  Saganaga  lake  southward  to  Frog 
Rock  lake  remain  fresh  in  memory,  I  wish  to  make  a  revision  and 
comparison  of  data  as  far  as  can  be  done  in  the  field,  in  order  to  leave 
a  record  of  the  impression  which  the  facts  make  upon  the  mind  of  an 
observer  passing  over  the  ground.  This  interval  covers  the  mode  of 
transition  from  syenite  to  the  Eewatin  schists  which  extend  from  the 
region  of  Vermilion  lake.     Structurally,  the  absence  of  any  uncon- 
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formity  is  an  important  fact.  Petrographically,  the  frequent  gradual 
passage  from  rocks  usually  called  eruptive  to  rocks  retaining  distinct 
traces  of  sedimentation  is  a  curious,  almost  an  anomalous  fact.  In 
order  to  reach  a  better  comprehension  of  the  latter  fact  I  make  a  care- 
ful comparison  of  rock  specimens.     The  first  result  is  as  follows : 

A.  The  following  are  nearly  identical  with  each  other:  858,857, 
856,  854,  853,  850,  847,  844,  840. 

B.  The  following  are  similar  to  class  A,  but  somewhat  harder: 
856.  848. 

C.  Like  A  in  groundmass,  but  with  minute  shining  scales :  845, 
844 

D.  Like  C,  but  porphyrelloid:  584,  846,  860,  885. 
£.     Having  a  grouudmass  like  A:  843,  837,  836. 

F.  Ilaxing  the  feldspar  constituent  altered  toward  a  sericitic  con- 
dition :  841,  838  (approaching  class  E  ) 

It  appears,  therefore,  disregarding  the  diabases  and  greenstones, 
that  a  progressive  change  in  the  character  of  the  country  rock  can  be 
traced  from  sec.  14,  66-5,  in  Saganaga  lake,  to  the  present  point.  In 
my  uncertainty  as  to  the  nature  of  the  prevailing  and  characterizing 
mineral — whether  parophitic,  talcose,  serpentinoid  or  sericitic — I  will 
here  call  it  Eewatiu  stuff;  since  it  is  similar  to  the  mineral  which  I 
find  generally  in  Eewatin  rocks.  (See  especially  Enife  lake,  IVth 
Arm,  north  and  south  bifurcations).  There  is  one  pause  in  the  pas. 
sage,  and  that  is  to  develop  the  micaceous  (Vermilion)  phase,  at  the 
interval  between  West  Seagull  and  Frog  Rock  lakes.  Recalling  what 
is  recorded  in  connection  with  West  Seagull  lake,  rock  593,  I  will 
endeavor  to  note  the  succession  from  the  Saganaga  syenite  southward. 

1.  Saganaga  syenite  with  constituents  well  isolated. 

2.  Saganaga  syenite  or  gneiss,  quartz  elongated,  feldspar  haviug  a 
partial  groundmass  character. 

3.  Syenite  without  hornblende. 

4.  Hornblende  wanting,  feldspar  transitional  to  Eewatin  stuff. 

The  course  is  now  two-fold. 

5  (a).     Quartz    and    Kewatin  5  (b).    Quartz    and    Chloritic 
stu£F— no  feldspar  except  in  por-  stuff— sometimes  feldspar, 
phyrelloid  condition. 

6  (a).  Crystalline  schist,  or  6  (c).  Chlorite,schist,  or  (d) 
•(b)  Kewatin  rock.  Eewatin  rock. 

.  7  (a)      Graywacke,  or  (J)  Ee-  7  (c).     Oraywacke,  or  (d)  Ee- 

watin rock.  watin  rock. 


H 
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All  these  stages  of  progress  can  be  traced  from  Saganaga  lake  to  this 
place.  The  syenite  indeed  reappears  south  of  the  lake;  but  I  think  a 
line  of  travel  could  be  found  along  which  there  would  be  no  retrogres- 
sion. The  reappearance  of  syenite  results  probably  from  the  fact 
that  the  south  border  of  the  syenite  is  not  a  straight  east  and  went 
linej  bat  crosses  more  than  once  the  line  traveled,  thus : 


55     ,ii1 


Fig.  bS^'^S apposed  southern  border  of  Saganaga  sgenite^  three  times 

crossing  line  of  observation. 

NoTB. — In  this  figure  the  numbers  refer  to  rock  samples  collected  as  follows  : 

1435  shows  place  of  rock  835-7.  1433  shows  place  of  842. 

1436  ••  ••         .    ••    838-41.  1439      ♦•  •*  843. 

[N.  H.  W  ] 

I  venture  to  think,  therefore,  (1).  That  we  have  the  crystalline 
schist  stage  (Vermilion)  from  the  south  part  of  West  Seagull  lake  to 
the  north  part  of  the  portage  to  Frog  Rock  lake. 

(2).  We  have  the  Eewatin  stage  thence  to  this  point  and  beyond. 
The  inference  is  that  the  rock  here  is  sedimentary,  and  not  eruptive; 
and  that  therefore,  the  Eawasachoog  rock  is  also  not  eruptive, 

(3).  The  greenstone  is  an  overflow,  which  perhaps  has  covered  the 
whole  region,  and  has  powerfully  altered  the  underlying  Eewatin;  but 
this  was  probably  the  northern  and  thin  portion  of  the  sheet;  and  it 
has  been  removed  at  many  points.  I  should  look  for  it  to  be  thicker 
toward  the  south. 

West  of  centre  of  sec.  16,  T.  65-5.  N.  W.  bay  of  Frog  Rock  lake. 
Bock  on  shore  entirely  like  that  of  858.  But  here  a  structure  can  be 
seen  trending  east  and  west.  Back  of  this,  a  rock  bluff  rises  40  or  50 
feet  above  the  lake,  facing  south.  It  presents  the  same  ragged  ex- 
terior; but  fresh-broken,  appcarH  more  greenish,  approaching  quite 
closely  the  Eawasachong  rook. 


312  SIXTEENTH   AKKUAL  RBPOBT 

Rock  859      Chlorite  felsy te  (schist  ?) 

Another  crag  85  or  100  feet  high,  adjoins  this  on  the  east,  but  it  i» 
composed  of  entirely  similar  materials.  Whatever  these  rocks  are^ 
their  equivalent  is  unquestionably  found  in  the  Kewatin  of  the  Ver- 
milioQ  belt. 

From  this  summit,  I  see  high  hills  10  or  15  miles  distant,  bearing  Sv 
60**  W.  These  must  be  on  lake  Kekequabic  or  beyond.  Also  S.  30°  E  » 
a  high  range  which  perhaps  passes  south  of  Ogishke-muncie.  From, 
here  eastward,  gradually  receding,  can  be  seen  mountain  ranges,  ex,- 
tending  to  S.  60""  E. 

Rock  860.  Porphyrelloid  chlorite  felsy  te  (schist?)  west  of  centre- 
of  sec.  18,  66-5. 

Rock«861.     Aphanitic  diabase,  intersecting  the  formation. 

Rock  862.     Less  fine  diabase,  same  dike. 

S.  E.  i,  N.  W.  i,  sec.  18,  T.  65-5.  N.  W.  cor.  of  lake.  Precisely- 
the  same  as  last  two  points  noted. 

N.  E.  i,  S.  W,  i,  sec.  16,  T.  65-5.  West  side  of  lake.  At  this  in- 
teresting oufccrop  the  formation  is  a  fairly  characterized  sericitic 
schist,  standing  in  thin,  lenticular  laminae  at  a  dip  of  88^  in  a  direc- 
tion S.  78°  E.  It  is  composed  of  Eewatin  stuff,  with  a  few  fine  grains 
of  quartz,  and  sinuous  films  of  rusty  matter.  It  presents  so  many 
points  of  resemblance  to  the  prevailing  rock  that  I  am  sure  it  goes 
with  .the  sericitic  felsy  te  schist,  and  determines  that  to  be  a  beddedi 
rock  of  sedimentary  origin,  as  I  have  conditionally  concluded.  This 
is  the  true  continuation  of  the  schists  of  Vermilion  lake;  and  all  the 
rocks  not  greenstones  and  diabases,  around  this  lake,  are  to  be  so  re^ 
regarded. 

Rock  863.    Sericitic  schist,  with  some  gravel. 

Four  rods  north  of  this  outcrop,  the  formation  is  a  little  more  solid,, 
and  the  Kewatin  stuff  is  a  little  greenish,  with  the  same  rusty  films 
and  spots. 

Rock  864.     Sericitic  schist,  near  863. 

Eight  or  ten  rods  toward  the  south.  Rock  with  indistinct  schistic 
structure,  and  having  a  great  resemblance  to  rock  86^;  but  quite  as 
much  resembling  the  prevailing  rock  of  the  region.  It  is  a  connect- 
ing link  between  the  Eawasachong  rock  (858)  and  the  sericitic  schist 

of  863. 

Rock  865.     Sericitic  chlorite  felsyte. 

N.  E.  i,  S.  W.  i,  sec.  18,  T.  65-5.  West  side  of  lake.  Bluish 
green  rock,  similar  to  prevailing  rock,  but  mostly  with  a  slaty  struc- 
ture.    On  the  whole,  a  rude  slaty  structure  is  quite  apparent. 
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Rock  866.     Bluish  argillo-felsitic  schist. 

Rock  867.    Rock  8  rods  farther  along  the  shore,  south. 

Centre  S.  W.  i,  sec.  18,  T.  65-6.  Near  entrance  to  most  westerly 
bay.  Rock  (868)  distinctly  schistose,  a  little  sericitic,  with  many 
bluish  green  chloritic  points. 

Point  of  land  S.  W.  i,  sec.  18,  T.  65-6.  A  rock  of  smoother  aspect. 
It  is  mostly  hard  and  tough,  but  also  gives  indications  of  argillilic 
constitution.  It  contains  purple  spots,  mostly  undefined,  but  not  ns 
hard  as  jasper.  There  are  also  small  pebbles  of  dark  greenstone.  Un- 
der the  water  is  an  obscure  appearance  of  larger  pebbles  and  broken 
fragments.  I  conjecture  this  to  be  the  eastward  extension  of  the 
Ogishke  conglomerate, -^rook  869. 

A  little  farther  along  (northwest)  up  the  little  bay,  the  conglomeritic 
character  is  more  distinct,  and  I  can  perceive  that  the  pebbles  are 
aggregated  in  courses  standing  almost  vertically.  Adjoining  this,  the 
rock  has  a  rough  chloritic  aspect,  entirely  conformable  in  position  with 
the  conglomerate. 

Centre  S.  W.  i,  sec.  18,  T.  65-5.  East  side  little  bay.  Rock  (870) 
of  a  qaasi-diabasic  aspect,  but  also  with  appearaqce  of  the  country 
rock.     Considerable  argillitic  material,  and  locally  a  slaty  structure. 

Extremity  of  little  bay,  centre  S.  W.  i,  sec.  18,  T.  65-5.  Conglom- 
erate, with  large  pebbles  of  chlorite  syenite. 

Rock  871.     Chlorite  syenite  pebble,  from  conglomerate. 

S.  W.  i,  S.  W.  i.  sec.  18.  T.  65-5.  Point  of  «ame  bay.  Mouth 
of  stream  coming.in  at  point  of  little  bay.  Rock  (872)  quite  distinctly 
schistic  and  sericitic.  The  strike  is  S.  10"^  W.,  and  it  therefore  passes 
west  of  the  conglomerate  seen  near  here. 

S.  W.  i,  S.  W  i,  sec.  18,  T.  66-5.  Still  within  little  bay.  Com- 
pact, sericitic-Iooking  rock  (873),  but  not  very  schistose. 

S.  W.  i,  S.  W.  i,  sec.  18.  T.  65-5.  Mouth  of  bay,  west  side.  Blu- 
ish, compact,  but  slightly  argillitic  rock  (874). 

S.  W.  i,  S.  W.  \,  sec.  18,  T.  65-6.  Compact,  slightly  argillitic,  but 
with  purplish  tints,  as  if  from  obliterated  pebbles  (875). 

A  couple  of  rods  further  nlong  (southeast),  the  rock  is  softer  again, 
and  lighter  colored.  Still,  in  a  couple  of  rods  it  becomes  undistin- 
guishable  from  that  of  ^58.  It  is  the  same  at  the  next  outcrop,  but 
softer.    The  same  continues  along  the  southwest  shore. 

S.  W.  i,  S.  W.  i,  sec.  18,  T.  65-5.     A  high  boss  of  greenstone-like 
rock  (876)  pretty  hard  and  compact,  and  generally  rather  fine — in  part 
▼ery  fine,  hard  and  ringing.     This  appears  after  an  eighth  of  a*mile 
from  the  last  outcrop  of  schist. 
39 
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This  ''greenstone'*  does  not  terminate  at  any  particular  place  along 
the  shore  into  the  southern  bay  of  the  lake.  It  gradually  assumes  a 
rougher  exterior  aud  a  softer  character  and  pa.sses  insensibly  into  a 
rock  like  that  of  858. 

Rock  877.    Greenstone  passing  into  chlorite  schist. 

Rock  878.  Greenstone  30  feet  from  877,  more  approximated  to 
chlorite  schist. 

N.  E.  i,  N.  W.  i,  sec.  19,  T.  65-5.  Extreme  southern  shore  Green- 
stone (879)  like  that  of  rock  876. 

The  same  continues  along  the  southern  shore  of  the  south  bay  of 
the  lake.  ^ 

N.  W.  i,  N.  E.  i,  sec.  19,  T.  65-5.     Southeast  angle,  southern  bay. 

A  cliff  near  shore  which  proves  to  be  undoubtedly  Eewatin. 

Rock  880.     Sericitic  argillyte. 

N.  W.  i,  N.  E.  i.  sec.  19,  T.  66-5.  East  side  of  south  bay.  Green- 
stone like. 

Eight  rods  further  south.  Low,  smooth  outcrop  of  diabasic  rock, 
greenstone  like,  with  fragments  of  light  green  diabase-like  rock. 

Rock  881.     Diabasic  conglomerate. 

Four  rods  further  north.     The  rock  is  more  argillitic. 

Rock  882.     Chloritic  argillyte. 

S.  E.  i,  S  E.  i,  sec.  18,  T.  65-5.  Southeast  bay.  Sericitic  schist 
(883)  irregularly  schistose,  with  strike  nearly  north  and  south. 

Four  rods  further  north  it  is  a  little  bluer. 

S.  E.  i,  S.  E.  i,  sec.  18,  T.  65-5.  Southeast  bay.  Sericitic  argil- 
lyte, but  becoming  bluer  and  harder. 

S.  E.  i,  S.  E.  i.  sec.  18.  T.  65-5.    East  side.     Same  as  rock  858. 

A  few  rods  still  farther  north.    Greenstone. 

§  29.— TOWN  LINE  LAKB. 

A  small  lake  on  the  line  between  Ts.  65*5  and  65-6,  having  a  length 
east  and  west,  of  two-thirds  of  a  mile  and  a  mean  width  of  40  rods. 
It  is  utterly  destitute  of  scenic  or  agricultural  interest.  The  primitive 
forest  is  mostly  destroyed,  but  second  growth  poplars  are  becoming 
abundant.  Geologically  it  lies  on  the  transition  from  the  normal 
Kewatin  schist  to  the  conglomerate  and  associated  rock  masses  sar- 
rounding  Ogishke-rouncie  lake. 

The  portage  out  of  Frog  Rock  lake  to  Town  Line  lake  is  at 
the  nearest  approach  of  the  two  and  is  not  over  an  eighth  of  a  mile 
long:  . 
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S.  W.  i,  N.  W.  i,  sec.  18,  T.  65-5.  West  end  of  portage.  A  knoll 
of  chloritic  sericitic  schist  (881). 

S.  W.  i,  N.  W.  i.  sec.  18,  T.  65-5.  North  side.  Incipient  porphy- 
rel  (885).     Some  of  the  weathered  surfaces  are  decidedly  speckled. 

S.  W.  i,  N.  W.  i,  sec.  18,  T.  65-5.     North  side  near  town  line. 

Ogishke  conglomerate  pretty  well  developed.  Contains  red  jasper 
(886),  not  as  a  pebble,  and  this  is  banded  and  associated  with  hsBma- 
tite.    • 

S,  W.  i,  N.  E.  i,  sec.  13,  T.  65-6.  ^West  end.  Conglomerate,  but 
not  coarse,  somewhat  porphyritic,  (887). 

S.  W.  i,  N.  E.  i,  sec.  13,  T.  65-6.  West  end.  Outcrop  of  rock 
•composed  largely  of  quartz  grains,  with  sericitic  stuff  in  the  interstices 
{88S)      Contaius  also,  small  pebbles  or  grains  of  slaty  material. 

S.  E.  i,  N.  E.  i,  sec.  13,  T,  65-6.  South  side.  A  higher  outcrop 
of  nimilar  grit  (889),  but  inclining  more  to  a  grayish  color.  Rock 
quite  schistose.     Strike  S.  20°  W.     Dip  vertical. 

Compare  the  gravelly  schists  on  Ensign  lake.  Report  of  1836|  and 
on  Ogishke-muncie  lake,  below. 

S.  E.  i,  N.  E.  i,  sec  13,  T.  65  6.     South  side  of  narrows. 

The  rock  is  compact,  almost  wholly  of  quartz  grains,  with  a  light 
colored  cementing  material,  which  becomes  pinkish  on  weathering. 

Rock  890.     Quartz  grit. 

S.  W.  i,  N.  W.  i,  sec.  18,  T.  65-5.  South  side  on  town  line.  Por- 
phyrel,  as  on  opposite  shore,  rock  855. 

S.  W.  i,  N.  W.  i,  sec.  18,  T,  65-5.  South  side.  Ragged  rock,  like 
rock  858. 

A  little  farther  east,  it  is  succeeded  by  a  sericitic  rock,  like  that  on 
Town  Line  lake,  rock  884. 

The  portage  from  Town  Line  lake  to  Ogishke-muncie  is  execrable* 
The  bad  trail  leaves  the  former  lake  eight  or  ten  rods  north  of  the 
stream  which  comes  in  with  rapids,  and  leads  to  the  inlet  on  Ogishke- 
roancie;  but  the  stream  must  be  forded  twice  before  sufficient  water 
can  be  reached  to  float  a  canoe;  or  else  one  must  make  his  way  along 
a  steep  hill-side  through  thick  brush  to  reach  the  spot.  The  black 
flies  too,  as  late  as  the  12th  of  September,  were  innumerable  and  in- 
satiate. 

§  30. — OGISSKE-MUKOIB  OB   KINGFISHER  LAKB.l 

This  lake  was  visited  in  1886,*  and  considerable  study  was  bestowed 

See  FS/Ue$ah  Ann  Rep  1880,  pp.  l&O-t07. 


Il 


316  SIXTEENTH    ANNUAL  REPORT 

upon  it;  but  it  was  not  much  investigated  in  the  region  northeast  of 
the  narrows  in  section  ti3,  T.  65-6.  The  two  parties  in  this  part  of 
the  State  made  a  rendevous,  therefore,  on  Camper's  island,  for  the 
purpose,  among  other  objects,  of  completing  the  survey. 

S.  E.  i,  N.  W.  i,  sec.  24,  T.  65-6.  Here  is  a  bluff  of  crumbling 
schistic  rock  (891)  forming  an  earthy  talus.  It  is  a  sericitic,  gritty, 
irregularly  bedded,  slate.  Strike  in  the  direction  of  the  little  bay,  N, 
40**  E. 

Adjoining  this,  on  the  southeast,  within  four  rods,  is  a  bliiflf  of 
characteristic,  coarse  conglomerate.  Other  ridges  succeed  southe<ist- 
ward,  which  are  also  conglomerate. 

The  unplatted  little  lake  on  the  southeast  is  at  least  20  feet  above 
Ogishke-muncie. 

N.  W.  i,  N.  E.  i,  stc.  24,  T.  65-6  Here,  six  or  eight  rods  back 
from  the  shore,  and  separated  from  it  by  a  narrow  valley,  rises  a  ridge 
25  feet  wide  and  20  feet  high,  from  low  ground  each  side,  trending 
southwest  and  northeast,  of  a  rusted  exterior  and  very  rough  and 
brecciuted  aspect.  An  unmistabable  bedding  is  present  standing  in  a 
vertical  position.  When  broken,  the  rock  appears  composed  of  cal- 
careous or  dolomitic  matter,  which,  in  places,  is  light  colored  and 
characteristic.  Everywhere,  however,  it  has  an  uneven,  semi^brecci* 
ated  structure,  and  it  incloses  fragments  which  are  pretty  slaty  in 
color  and  substance.  Some  of  the  surfaces  of  the  formation  are 
smooth,  sericitic-lookiug  and  often  argillitic. 

Rock  b92.     Brecciated  dolomyte  (limestone?  ) 

Following  along  the  strike  of  the  formation  south  westward,  a  few 
rods,  it  is  seen  in  places  quite  argillitic,  with  a  sericitic  aspect. 

Rock  893.    Sericito-argillitic  dolomyte. 

The  ridge  on  the  southeast  within  eight  or  ten  rods,  and  rising  30 
feet  above  the  dolomyte  ridge,  is  composed  of  silico-argillaeeoas  ma* 
terial,  partly  quite  solid,  and  partly  laminated  and  crumbling. 

Rock  894.     Silico  argillaceous  slate. 

The  ridge  on  the  northwest  side  of  the  dolomitic  one  is  formed  of 
hard  material,  breaking  in  many  angular  pieces.  Under  the  lens,  it 
appears  formed  of  small  spherical  grains  of  quartz  imbedded  in  a 
groundmas?  which,  in  places  is  very  scant,  and  in  others,  half  the 
bulk  of  the  rock.  It  has  a  felsitic  aspect.  It  is  simply  Kewatin  stuif. 
I  notice  also,  numerous  small  siliceous  scales.  This  ridge  fronts  the 
lake  and  is  only  about  16  rods  from  the  southeast  ridge,  with  the  lower, 
dolomitic  ridge  between. 

Rock  895.     Felsitic  grit  (or  argillo-felsitie)^ 
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This  groundmass  is  not  harder  than  calcite,  and  cannot  be  purely 
felsitic.     Nearer  the  lake  are  good  vertical  argillytes. 

Near  this,  south  of  the  prolongation  of  this  ridge,  I  find  the  rock  a 
rough-weathering  sericito-argillitic  slate,  like  the  bluff,  rock  891. 

N.  W.  i,  N.  E.  i,  sec  24,  T.  65-6.    High  ridge  on  lake  border,  hav- 
ing  a  vertical,  slaty  structure,  except  in  peaces,  where  it  looks  erupt- 
ive.    It  is  composed  mostly  of  argillitic  material,  but  contains  many 
'  i^ains  of  quartz 

Rock  896.     Gritty  argillyte. 

In  places,  the  formation  contains  large  pebbles,  and  the  interven- 
ing groundmass  weathers  white,  and  reveals  a  distinctly  fibrous 
structure.  In  the  same  places,  the  fresh-broken  surfaces  scarcely 
reveal  the  existence  of  pebbles. 

N.  W.  i,  N.  E.  i,  sec.  24,  T.  65-6.  The  next  ridge  southeast  of 
rock  896,  composed  of  very  hard,  diabasic-looking  material  which 
contains  pebbles. 

Rock  897.     Matrix  of  diabasic  conglomerate. 

Along  side  of  this,  however,  and  eight  feet  lower,  a  distinctly  slaty 
rock  outcrops  (898),  having  a  sericitic-argillaceous  aspect — and  the 
two  graduate  together. 

Next  higher  ridge  ten  rods  southeast.  Indistinctly  conglomerate, 
iirith  groundmass  containing  many  dark  green  grains  and  lumps,  some 
quartz  particles,  and  much  argillo-felsitic  matter. 

Rock  899.     Argillo-felsitic  groundmass. 

The  highest  hill  about  one-fourth  mile  back  from  the  lake.  The 
formation  is  thoroughly  conglomerate,  but  very  compact  and  frequent- 
ly hard— sometimes  ringing.  A  few  rods  further  southeast,  the  form- 
ation reveals  a  structure  which  is  sedimentary  beyond  possible  ques- 
tion. Parallel  bands  of  graywackenitic  material  can  be  traced  for  30 
feet  in  a  direction  N.  20^  W.  In  the  same  place,  other  structure  lines 
can  be  seen,  bending  around  what  appear  to  have  been  separate  masses 
of  the  same  rock. 

The  surface  of  the  rock  is  studded  with  spheroidal  concretions  (900), 
whicif  have  been  cut  in  section  and  have  hollow  centers  apparently 
hy  the  solution  of  the  interior  portion.  They  are  not  pebbles,  for 
they  are  all  very  similar,  and  besides,  reveal,  in  some  cases,  concen- 
tric lines.     See  the  figure. 

In  a  neighboring  spot,  the  strike  of  the  beds  is  quite  different,  and 
there  are  concomitant  indications  that  these  portions  of  the  formation 
are  simply  huge  fragments  of  the  general  mass,  which  were  displaced 
4luriDg  the  deposition  of  the  original  sediments. 


SIXTEENTH  AKSCAI   HEPOBT 


1   I  ' 


MiHiir':!,;::'; 


O  (i)    ^ 


Fig.  56. — Rock  surface  in  Ogiskke  coaglotnerale,  showing  sedimentary 

structure. 

Fig.  57. — Spheroidal  concretions  in  matrix  of  Ogishke-conglomrriitf. 


In  further  tracing  these  stratified  materials,  ] 
continuous  sweep  through  about  85°  of  a  circle, 
wide,  and  the  circuit  is  about  forty  feet. 

§  81. — CBAB  LAKB. 


find  in  one  place  a 
This  is  fifteen  feet- 


This  is  a  small  lake  Ijing  in  the  north  half  of  sec.  14,  T.  65-^,  en- 
Tironed  bj  a  lonely  and  desolate  wilderness  and  set  in  a  masaiye  rim  of 
graywackeniticfand  slaty  rocks,  rising  in  frequent  dark-weuthered  and 
rounded  bosses.  Guided  by  the  gorernment  plat,  I  entered  from  the- 
most  northern  extremity  of  Ogishke-muncie  lake,  supposing  there- 
would  be  a  portage  of  a  few  rods;  but  it  proved  to  be  about  half  a 
mile,  without  the  least  signs  of  a  trail.  There  is  a  low  valley  rnnninft 
through,  densely  grown  with  alders  and  other  shrubs  On  the  nortb 
of  this  is  a  high  ledge,  di£Gcult  to  climb.     But  the  best  transit  is  made 
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by  leaving  the  valley  and  working  along  on  the  ledge;  and 
necessary  to  cross  the  west  end  of  the  ledge,  to  descend  i 

The  fact  is,  the  lake  begins  at  least  a  quarter  of  a  mile 
point  indicated  on  the  plat. 

The  government  plat  of  this  lake  is  so  erroneous  that  ] 
to  reconstruct  it.  I  find,  however,  that  some  of  my  mem 
Brabtguous;  and  I  therefore  refrain  from  making  alteratioi 
the  southeastern  part.  The  northern  portion,  however,  is 
wromg. 

T65-6W 


Fig.  58.— Sketch-map  of  Crab  lake,mtk  notes  of  localities  a 
NoTB.— On  the  above  map^ 

No.  1493  indlcfttes  the  locftlity  for  rock 

'■      HflSbi*             "  "  

"      1W4                  "  "  

"      1«5                  "  "  

"      1496                  "  "  

"      1498                  ■■  '•  

"      1500                  ■•  "  , 

"      JS03                  ■■  ■■  , 

"      1B03                  "  "  , 

"      1S04                  ■•  "  

"       1S(1«                     '■  '•  

■•       11S07                     "  "  
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N.  W.  i,  sec.  13,  T.  65  6.  On  the  portage.  High  precipice  north 
of  the  stream' flowing  from  Crab  lake  to  Ogishke-muncie.  Here  are 
yarious  conditions  of  the  conglomerate. 

Rock  901.     Conglomerate. 

Rock  902.     Porphyrel. 

Rock  903.    Matrix  showing  bedding  lines. 

Fifteen  rods  farther  west,  same  ridge.  Conglomerate,  with  large 
quartz  grains.     • 

Rock  904.    Porphyritically  quartzose  conglomerate. 

S.  W.  i,  N.  W.  i,  sec.  13,  T.  65-6.  Same  ridge,  30  rods  farther 
west.     The  formation  has  become  a  thin-bedded  slate,  but  with  some  v 

strata  massive  and  finely  arenaceous. 

Rock  905.     Argillyte,  somewhat  arenaceous. 

S.  E.  1,  N.  E.  i,  sec.  14,  T.  65-6.  Near  east  end  of  lake,  north 
side,  conglomerate,  but  fine,  gritty,  and  not  characteristic. 

Rock  906.     Fine  gritty  conglomerate. 

S.  E.  i,  N.  E.  i,  sec.  14,  T.  65-6.  Gritty  graywacke.  with  horizon- 
tal beddyig,  but  evidently  superinduced. 

S.  E.  i,  N.  E.  i,  sec.  14,  T.  66-6.  Graywacke  (907),  not  gritty, 
weathering  with  a  cellular  surface. 

S.  E.  i,  N.  E.  i,  sec.  14,  T.  65-6.    Great  bosses  of  graywacke 

S  W.  i,  N.  E.  i»  sec.  14,  T.  65-6.  Great  mass  of  graywacke  (908), 
without  trace  of  bedding,  like  rock  907,  but  with  many  minute  glis- 
tening feldspar  surfaces. 

This  is  followed  by  a  very  bold  cliff  standing  vertically,  and  rising 
35  feet  above  the  lake.  This  subsides  as  we  round  the  promontory, 
and  for  a  few  rods,  no  outcrop  occurs. 

S.  W.  i,  N  E.  i,  sec.  14,  T.  66-5.  Mostly  graywacke,  but  spar- 
ingly conglomeritic. 

Rock  909.    Graywacke  or  groundmass. 

Then  succeeds  another  cliff  25  feet  high,  of  ^aywacke,  continuing 
to  next  locality. 

N.  E.  i,  N.  E  i,  sec.  14,  T.  65-6.    Graywacke. 

A  low  marshy  place  appears,  at  nearly  the  most  northern  arm  of 
the  lake. 

N.  E.  i,  N.  E.  i,  sec.  14,  T.  65  6.     Argillyte  fairly  characterized. 

Rock  910.    Argillyte  with  crystals  of  feldspar. 

S.  E.  i,  S.  E.  i,  sec.  11,  T.  65-6.  Compact  argillyte  (911),  irregu- 
larly slaty. 

N.  W.  i,  N.  E  i,  sec.  14,  T.  65  6.  Characteristic  dark  gray  argil- 
lyte  (912),  slaty. 
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N.  E.  i,  N.  W.  i,  sec.  14,  T.  65-6.    Regular  Knife  lake  argillyte. 

S.  E.  i-  N.  W.  i,  sec.  14,  T.  66-6.  Characteristic  slaty  argillyte 
<913). 

S.  E.  i,  N.  W.  i,  sec.  14,  T.  65-6.  Conglomerate  (914),  but  the 
pebbles  are  mostly  quartzose  and  cherty — a  few  of  dark  flint. 

As  before,  when  the  pebbles  are  small,  many  of  them  are  suban- 
gular. 

S.  W.  i,  N.  E.  i,  sec.  14,  T.  65-6.  Rock  approaches  thegiaywack- 
•enitic  groundmass  material  seen  on  the  north  shore  of  the  lake;  but 
it  is  manifestly  conglomeritic,  and  contains  also  crystals  of  a  light 
feldspar.     Except  this,  it  is  similar  to  rock  906,  but  finer. 

Obscurely  porphyrelloid,  graywackenitic  conglomerate. 

S.  W.  i,  N.  E.  i,  sec  14,  T.  65-6.  Graywackenitic  matrix  of  con- 
glomerate.    Similar  rock  continues  eastward  along  the  southern  shore. 

*N.  E.  i,  S.  E.  i.  sec.  14,  T.  65-6.  Conglomerate.  Graywackenitic 
•conglomerate  continues  to  the  place  of  beginning. 

§   32  —  ZETA   LAKE. 

This  small  lake,  lying  wholly  in  sec  28,  T.  65-6,  is  partly  described 
iu  the. Report  of  1886.*  A  few  additional  notices  are  here  given.  It 
has  two  portages  eastward — one  on  the  south  into  Dike  lake  and 
thence  into  Ogishkemuncie;  and  one  on  the  north  directly  into 
Ogishke*muncie.  As  the  former  was  traveled  by  me  last  year,  I  chose 
now  the  latter.  It  goes  out  of  Ogishke-muncie  south  of  the  point 
:8hown  on  the  plat.  It  is  a  quarter  of  a  mile  long,  and  very  bad,  over 
rocks  and  through  ^  swamp.  >  The  northeastern  part  of  Zeta  lake  ex- 
ists only  on  the  plat.  The  lake  comes  to  a  point  in  the  S.  W.  i,  N. 
W.  i,  sec  27,  T.  65-6. 

S.  W.  i,  N.  W.  i.  sec.  27,  T.  65-6.  East  end  of  portage  from 
Ogishke*muncie.     Characteristic  conglomerate. 

S.  W.  i,  N.  W.  i,  sec.  27,  T.  65-6.  West  of  same  portage,  Zeta 
lake.     Conglomerate. 

Rock  916.  Conglomerate  with  pebble  of  the  most  abundant  kind. 
It  is  a  porphyritic  rock  in  this  case,  with  a  feldspathic  groundmass. 
But  the  groundmass  (917)  of  the  conglomerate  itself  tends  to  be  por- 
phyritic. 

§  83. —  EP8IL0N  LAKE. 

Epsilon  lake  was  partially  seen  by  me  in  1886.*  It  is  a  mile  and  a 
•quarter  in  length  with  a  mean  breadth  of  a  quarter  of  a  mile,  and  bent 

•  Fifteenth  Add.  Rep.  Minn.  Geol  Sarv.,  pp.  186,  ia8-9. 
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arcuately  in  sees.  29,  20  and  21,  T.  65-6,  having  the  conTexity  turned 
northward.  It  is  bounded  by  rocky  knolls  and  ridges  on  the  north, 
east  and  southeastern  shores.  The  south  shore  is  forest  covered  and 
no  exposures  of  rock  appear  on  it;  but  half  a  mile  back  is  a  range 
reaching  an  elevation  of  125  feet  or  more.  From  the  range  on  the 
north  we  look  down  on  the  Fourth  Arm  of  Knife  lake  250  feet  below, 
and  190  feet  below  Epsilon  lake.  We  approach  this  lake  from  Zeta 
lake,  throufifh  a  steep  and  rocky  defile  with  a  descent  of  75  feet«  and 
find  a  portage  out  on  the  north  into  Enife  lake  by  a  descent  of  about 
90  feet. 

N.  E.  i,  N.  W.  i,  sec.  28,  T.  65-6.  At  the  foot  of  the  descent  from 
Zeta  lake.  A  precipice  of  dark  argillyte  rises  on  the  east.  The  rock 
is  entirely  free  from  pebbles,  and  very  characteristic.  The  strike  is 
N.  30"  E.,  and  the  dip  is  S.  75''.  But  I  notice  on  the  sides  of  the 
sheets,  as  in  the  Kewatin  of  Gunflint  lake,  some  striations,  or  a  fib- 
rous structure  dipping  54»  W.  The  dip  is  such  that  the  Ogishke  con 
glomerate  is  overlying. 

S.  E.  i,  S.  W.  i,  sec.  21,  T.  65-6.  Bold  promontory  northeast  side 
of  lake.  Slates  varying  from  vertical  to  steep  southeast  dip.  In 
structure  ranging  from  proper  slaty  to  fissile-slaty,  and  weathering 
somewhat  like  Eawasachong  rock — but  not  chloritic. 

N.  E.  i,  S.  W.  i,  sec.  21,  T.  C5-6.  Southwest  angle  of  same  prom- 
ontory.  Argillyte,  which  on  shore  dips  north  at  an  angle  of  about 
50^  but  on  the  summit  of  the  hill  back,  which  I  ascended,  dips  S.  at 
an  angle  of  67%  and  strikes  N.  85^  E.  So  it  appears  that  a  large  mass 
at  the  point  of  the  hill  has  been  dislocated.  * 

I  notice  here  some  bands  running  across  the  faces  of  the  laminae,, 
which  dip  westward  at  an  angle  of  14^ 

Rock  918      Argillyte  with  the  banding  spoken  of  above. 

Examining  further,  I  find  these  bands  are  the  outcrop  of  sedimeut* 
ary  planes  on  the  surfaces  of  the  schistic  plates.  They  show  the  real 
dip  of  the  sedimentation,  which  here  is  S.  60^. 

Re-examiniug  the  dip  at  the  point  of  the  hill,  I  find  it  about  50^ 
toward  southwest,  and  to  exist  in  the  true  sedimentary  bedding.  I 
still  think,  however,  that  this  mass  is  displaced. 

Rock  919.  Argillyte  with  sedimentary  banding  passing  at  right 
angles  through  the  schistic  laminae. 

N.  E  i,  S  W.  i,  sec  21,  T.  65-6.  West  base  of  same  promontory. 
Slate  bluff  with  bedding  structure  dipping  23**  totcard  S.  40**  W.  The 
schistic  planes  stand  vertical, 

N  W,  i,  S.  W.  i,  sec.  21,  T.  65-6.     North  side  of  lake  east  of  port- 
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age.  Slate.  (920),  but  more  ancient  looking  than  what  I  saw  at  the 
west  base  of  the  promontory.  The  schistosity  runs  as  usual;  but 
there  are  no  separate  bedding  planes.  These  appear  to  conform  with 
the  schistosity.  The  rock  looks  exactly  like  the  Eewatin  of  Gunflint 
lake. 

The  suggestion  arises  that  we  have  here  slates  of  two  different  syS" 
terns,  the  upper  of  which  are  Animike.  But  since  the  schistosity  is 
the  same  in  both,  the  action  which  caused  the  schistosity  was  a  post-^ 
Animike  one,  and  was  felt  here,  but  not  as  far  east  as  Gunflint  lake. 
But  there  must  also  have  been  a  pre-Aniroike  squeezing.  Even  at 
Ounflint  lake  the  Eewatin  is  squeezed  vertically,  while  the  Animike 
is  almost  undisturbed. 

These  slates  in  weathering,  slide  down  the  high  hill  with  a  decid- 
edly sericitic  habit  and  aspect. 

N.  W.  i,  S.  W.  i,  sec.  21,  T.  65-6.  North  side  Epsilon  lake.  Find- 
ing  the  formation  so  different,  I  went  back  to  find  the  junction  of  the 
two.  It  occurs  here.  On  the  south  is  the  southward  bedded  slate 
(921)  with  vertieal  schistosity.  On  the  north  is  rough,  older-looking 
slate,  with  vertical  schistosity,  and  no  grain  or  ribbons  of  bedding  in 
discordance  with  the  schistosity.  After  considerable  search,  however, 
I  found  structure  lines  conformable  with  the  schistosity^  and  giving 
evidence  of  sedimentary  character. 

Bock  922.  Slate  showing  discordance  between  schistosity  and  sedi-- 
mentary  bedding. 

The  bedding  on  the  south  side  dips  S.  43^  It  is  a  good  ordinary 
argillyte.  The  other  rock  is  less  regular  in  its  slatiness.  The  two- 
outcrops  are  separate  bosses  ten  feet  apart;  but  it  would  not  liave 
been  difficult  with  a  pick  and  spade,  to  trace  the  formations  into* 
actual  contact.     The  situation  is  this: 


K£WA  TIN 


ANI  MIKIE 


Fig.  59. — Contact  of  Kewatin  and  Animike  systems  north  side  of  Epsi- 
lon lake. 


N.  W.  i,  S.  E.  i,  sec.  20,  T.  65-6.     Ridge  west  of  portage  en- 
trance. 
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The  formation  of  this  ridge  is  Eewatin;  and  it  is  a  prolongation 
westward  of  the  high  ridge»  rock  920;  while  rocks  920  and  921  are 
from  the  eastward  prolongation  of  the  same,  with  some  additional 
beds  on  the  south.  I  find  the  bedding  structure  (923)  here  corres- 
ponds with  the  schistic. 

N.  E.  i,  S.  W.  i,  sec.  20,  T.  65-6.  Continuation  of  same  ridge  one- 
fifth  mile  further  west.  Slates  near  shore;  but  poroditic  slaty  and 
porphyrelloid  farther  back  on  the  summit  of  the  80-foot  hill. 

Kock  924.  Slate  showing  bedded  and  schistic  structures  conform- 
able. , 

Rock  925.     Poroditic  porphyrelloid  slate. 

S.  W.  i,  S.  E.  i,  sec  20,  T.  65-6.  Northwest  shore  of  lake.  More 
argillitic  —  slaty,  but  the  structures  are  the  same.  Kewatin  slate  con- 
tinues along  the  remainder  of  the  north  and  west  sides  of  the  lake. 

A  casual  observation  of  the  south  shore  of  the  lake  indicated  no 
important  exposures;  but  it  is  to  be  regretted  that  a  more  careful  ex- 
amination was  not  made,  since  it  seems  probable  some  trace  of  Ani- 
mike  schists,  southward-dipping,  might  have  been  discovered.  The 
formation  at  the  outlet  of  Delta  lake,  was  observed  last  year  and  re- 
ported *'fine  hard  argillyte,  rather  slaty.*'  It  is  so  near  the  point 
above  described  at  the  foot  of  the  descent  from  Zeta  lake  that  prob- 
ably the  formation  is  the  same.  Similar  Argillitic  slates  were 
observed  in  places  all  the  way  from  Eekequabic  lake  and  no  discord- 
ance was  noted  between  schistosity  and  bedding;  but  it  would  be  well 
to  re-examine  the  exposures. 

From  the  west  part  of  Epsilon  lake  I  noticed  at  the  distance  of  a 
mile  or  so.  southwesterly,  a  high  peak.  Thinking  I  might  find  there 
a  cliff  of  Animike  slates  crowned  with  gabbro  I  determined  to  visit  it. 

S.  E.  i,  N.  W.  i,  sec.  29,  T.  65-6.  Near  south  extremity  of  lake. 
Pulpit  Rock.  Ten  rods  back  from  the  lake  rises  a  sheer  vertical  rock 
of  25  feet  above  the  lake,  cut  down  on  all  sides  by  smooth  vertical 
planes.  Tt  is  some  sort  of  greenstone,  and  has  a  decidedly  greenish 
color  and  sab-gratmlar  texture,  soft  and  chlorite-like,  with  needles 
and  amygdules  of  calcite —  rock  926,  noryte? 

On  the  south,  at  the  distance  of  twenty  feet,  this  eruptive  mass 
comes  in  contact  with  porphyry  But  the  junction  is  not  abrupt. 
There  are  interbedded  alternations  of  the  noryte  and  porphyry,  as  if 
both  were  sedimentary;  but  these  alternations  are  not  repeated  many 
times.  The  porphyry  has  a  purplish  base  and  lamellar  crystals.  The 
following  alternations  were  seen : 

Porphyry.    |    Noryte.    |    Porphyry.    |    N.    |    P.    |    Noryte.    | 
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Rock  927.     Noryte  and  porphj'ry  in  contact. 

Rock  928.     FragmentB  of  porphyry  in  modified  noryte. 

Proceeding  southward  a  quarter  of  a  mile,  the  porphyry  continues. 
It  is  a  handsome  rock. 

Rock  929,     Specimens  of  purple  porphyry. 

S.  E.  i,  N.  W.  i.  sec  29,  T.  65-6.  South  of  west  end  of  Epsilon  lake. 

High,  prominent  masB  of  porphyry,  presenting  characters  of  an 
eruptive  formation.  The  porphyry  contains  now  fewer  crystals  and 
is  replete  with  green  amygdules. 

In  our  progress  south,  1  found  apparently  a  lost,  but  Urge  piece  of 
iron  jaspilyte  handsomely  banded.  The  following  is  the  plan  of 
structure  and  coloratiou. 


Fig.  60. — Banded  hamatitic  jatpUyte,  Epailon  and  Kekf>iuabic  lakes. 
Not  in  place. 


rj.  red  jasper, 
pj.  purple-jasper. 
If.  light  flint. 


bfa,  black  heematite. 
hs.,  hiematitic  schist. 
)8,  yellow  schist. 


This  bears  a  close  resemblance  to  jaapititic  schists  heretofore  found 
in  the  rerti^al  Kewatin  slates.  (See  p.  197,  in  this  Report,  and  many 
observations  west  of  Knife  lake). 

S.  E.  i,  N.  W.  i,  sec.  29.  T.  65-6.  Nearly  midway  between  Epsilon 
and  Kekeqaabic  lakes.  The  porphyry  has  increased  in  amount  of 
green  amygdular  mineral,  until  on  a  fresh  surface,  it  begins  to 
resemble  the  noryte;  but  still  differs  by  the  presence  of  a  ground- 
mass  of  whitish  color,  and  weathering  quite  white. 

Rock  930.    Porphyritic  greenstone. 

Rock  931.     Fragment  of  Eewatin  showing  two  structures. 

At  a  point  near  the  base  of  the  high  bluff,  the  porphyry  shows  flow- 
age  lines  as  illustrated  below. 
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Fig.  61. — Structure  lines  in  porphyry,  near  Grant's  peak. 


N.  E.  i,  S.  E.  i,  sec.  29,  T.  65-6.  Summit  of  Grant's  peak.  This 
IS  a  high  and  sightly  place  about  midway  between  lakes  Eekequabic 
and  Epsilon.  From  here  I  see  the  west  end  of  the  Eekequabic) 
Alpha  and  Beta  lakes,  much  of  Epsilon  and  all  thelVth  Arm  of  Knife 
except  the  eastern  half  of  the  two  terminal  branches.  I  see  the  Twin 
mountains.  Mailman's  peak  and  Prospect  peak  south  of  Ogishke-mun- 
•cie  lake.  This  peak  I  name  in  recognition  of  the  valuable  services  of 
a  most  faithfuth  assistant,  Illy.  S.  Grant,  of  Minneapolis. 

This  peak  is  about  200  feet  high,  and  presents  on  the  eastern  aspect, 
;a  perpendicular  precipice  of  100  feet. 

The  following  are  some  bearings  from  Grant's  peak:   - 

Mallmann's  peak,  S.  42''  W. 

East  Twin  mountain,  S.  66""  E. 

West  Twin  mountain,  S.  36^  E. 

Prospect  mountain  and  middle  of  Beta  lake,  east. 

Entrance  North  Branch,  IV  Arm  Knife  lake  N.  10^  E. 

These  bearings  are  in  harmony  with  the  locations  of  points  on  the 
plat,  except  that  of  Prospect  mountain;  and  I  think  perhaps  some 
-summit  east  of  Fox  lake  was  mistaken  for  Prospect  mountain. 

Grant's  peak  seems  to  be  a  mass  of  purple  porphyry  of  a  truly  erup- 
tive character. 

f^ock  932.     Purple  amygdaloidal  porphyry.  Grant's  peak. 

The  numerous  other  hills  east,  west  and  south,  for  the  distance  of 
lialf  a  mile,  appear  also  like  similar,  rounded  bosses  of  porphyry. 


8X1.TS    QEOLOGIST.  327 

After  returning  from  a  toar  of  half  a  mile  and  back,  OTer  this  pur- 
ple porphyry,  I  am  not  possessed  of  a  full  conyiction  of  its  truly  erup- 
tive character.  I  find  many  structure-lines  which  conform  to  the 
stratification  of  the  surrounding  country.  It  has  of  course  been  m  a 
highly  softened  condition,  and  in  that  state  has  been  moved. 

Kock  933.    Yarieties  of  the  purple  porphyry,  Grant's  peak. 

§  34. — GARDEN  LAKE. 

On  the  return  to  Vermilion  lake,  my  brother  and  I  determined  to 
re-ezamine  some  points  on  and  near  Garden  lake;  and  especially  the 
abandoned  iron  location  marked  on  the  plat  as  "Silver  City" — an 
absurd  designation  which  ought  to  fall  into  disuse.  This  region  was 
-examined  by  both  of  us  in  ISSS;"^  but  we  had  just  returned  from  very 
extended  observations  of  iron-occurrences  in  the  Animike  slates,  and 
it  was  desirable  to  ascertain  whether  this  experience  would  modify  the 
determination  recorded  last  year.  I  think  I  may  say  those  determina- 
tions were  not  changed. 

On  the  portage  from  Fall  lake  to  Garden  lake.  A  trench  has  been 
extended  east  and  west  on  both  sides  of  the  upper  portage,  and  iron- 
jasper  exposed  most  of  the  distance;  but  in  walking  aloog  it  I  saw  no 
good  ore. 

Near  Silver  City.  A  quartzyte  (or  rather  quartz  schist),  standing 
vertical,  and  striking  east  and  west,  interlaminated  with  green  chlor- 
itic  matter,  in  which  are  imbedded  octahedrons  of  magnetite.  Needle 
is  here  reversed. 

Rock  980.    Quartzyte  and  magnetite. 

Within  two  rods  of  the  excavation  is  an  exposure  of  siliceous  slate, 
ihin-bedded  and  dipping  74"^  N.  60^  W.  This  certainly  has  quite  an 
Animike  aspect. 

Rock  981.     Magnetitic  siliceous  slate. 

Passing  along  beyond  the  excavation,  we  find  interbandings  of 
magnetitic  quartz-schist  and  something  appearing  like  incipient  mica 
schist.  Also  sericitic  or  brownish  quartz-schist  (981)  and  dark  quartz- 
schist. 

Farther  on,  mica  schist  becomes  still  more  developed;  but  the  mag- 
netitic quartz-schist  prevails. 

Rock  983     Mica  schist  and  magnetitic  quartz-schist. 

Sometimes  the  mica  schist  is  interbanded  with  chlorite  schist  sim- 
ilar to  that  containing  octahedrons  of  magnetite. 

•  Reported  oa  la  Ftfi^^nth  Ann.  Hn»  fh'4  Sum.  Minn.,  pp.«7-7S,3«. 
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Rock  984.     Mica  schist  and  chlorite  schist. 

Rock  985.    Hornblende  schist  associated  with  above. 

These  observations  extend  to  the  rapids  out  of  White  Iron  lake.  I 
ascertained  last  year  that  syenitic  gneiss  makes  its  appearance  near 
the  head  of  the  rapids.  The  group  of  strata  just  mentioned,  therefore, 
must  be  regarded  as  exemplifying  the  usual  transition  from  the  earthy 
(Kewatin)  schists  to  the  truly  crystalline  schists  and  gneisses.  The 
peculiarity  of  this  region  is  the  repletion  of  the  schists  with  haematite 
and  magnetite.  Their  conformability,  however,  with  the  entire 
system  of  schists  —  earthy  and  crystalline  —  and  their  close  strati- 
graphic'proximity  to  the  gneisses,  preclude  the  admission  of  the  ex- 
istence here  of  a  super-Kewatin  formation. 

N.  E.  i,  S.  E.  i,  sec.  28,  T.  63-11.  Garden  lake.  Low  outcrop 
which  seems  to  be  on  the  dividing  line  between  sericitic  schist  (very 
porphyrelly  te-lookiug)  and  mica  schist.  I  preserved  specimens  in  two- 
stages. 

Rock  986.    More  porphyrellitic,  * 

Rock  967.    More  micaceous. 

These  additional  observations  illustrate  the  genesis  of  mica  and  horn^- 
blende  out  of  the  common  material  characterizing  the  Eewatin  slates, 
and  which  for  convenience  I  have  called  Eewatin  stuff. 

At  Tower,  af  the  end  of  the  season,  the  iron  mines  were  revisited. 

Stone  iron  mine.  A  structure  bearing  some  resemblance  to  a  dike 
existed  here  last  year,*  but  at  the  present  time,  the  disintegration  of 
the  south  wall  has  almost  completely  removed  the  portion  taken  for 
a  dike,  and  dispelled  all  possible  illusion. 

Vermilion  Iron  Mines.  The  rapid  decay  of  the  sericitic  schist 
under  the  influence  of  the  weather,  is  shown  in  the  large  quantities 
of  crumbling  schist  and  white  powder  (988)  formed  in  an  open  aud 
unworked  excavation. 

It  is  to  be  ascertained  why  the  crumbling  is  so  much  more  com- 
plete here  and  the  color  so  much  whiter  than  in  ordinary  exposures  of 
the  sericitic  schists. 

From  an  opening  for  iron  about  five  miles  southeast  of  Tower,  I 
was  handed  the  following  specimens: 

Rock  989.  Fine  banded  quartzyte  (quartz-schist)  associated  with 
iron  ore. 

Rock  990.     Graphite,  from  the  above  opening. 

This  association  reminds  one  of  observations  recorded  above  at 
the  old  working  known  as  Silver  city.    The  opening  from  which  they 

~ Described  in  Fifteenth  Ann.  Rep.  Oeol.  Surv.  Minn  pp.  t!4,  234-6. 
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were  obtained  is  about  20  milas  in  a  right  line  from  the  head  of  Garden 
lake;  but  both  localities  lie  very  nearly  on  the  belt  of  the  '•Vermilion 
group"  of  crystalline  schists. 

§   35. — GENERAL  SUMMARY  OP   FACTS   OBSERVED. 

The  details  of  observation  recorded  on  the  preceding  pages  possrss 
a  high  degree  of  geologic  interest.  These,  with  the  details  published 
in  18S6,  furnish  the  means  for  arriving  at  an  improved  conception  of 
the  nature,  age  and  relations  of  some  of  the  oldest  systems  of  rocks 
known  to  the  geologist,  and  called  collectively  Archaean  or  Azoic.  In 
most  other  sections  of  the  country  presenting  Archaean  rocks  at  the 
surface,  we  find  them  so  greatly  and  so  irregularly  disturbed,  that  ex- 
treme difficulty  arises  in  the  attempt  to  make  out  a  complete  order  of 
superposition.  For  this  reason,  geologists  have  been  widely  at  var- 
iance  in  the  views  presented.  Qenerally,  we  have  acquiesced,  in  a 
provisional  way,  in  the  judgment  reached,  some  years  since,  by  the 
Canadian  geological  survey  that  the  entire  series  of  pre-pala^ozoic 
strata  consists  of  two  divisions,  known^  as  the  Laurentian  system 
below,  and  the  Huronian,  above.  Some,  however,  have  recognized 
three,  four  or  five  systemic  divisions.  Even  Sir  William  Lo^an  wa& 
inclined  to  make  two  systems  of  the  Laurentian.  On  the  other  hand, 
others  have  failed  to  see  the  grounds  for  any  systemic  divisions  of  the 
Archaean  rocks;  and  have  maintained  that  it  is  unwise  to  attempt  a 
division  of  .them  until  their  characters  and  relations  shguld  be  more 
completely  understood.  Divergence  of  opinion  has  been  so  wide,  and 
recorded  conclusions  so  uncertain,  that  within  a  few  years  the  sum- 
mary judgment  has  been  pronounced  that  ''our  chances  of  having  at 
some  future  time  a  clear  understanding  of  the  geological  situation  of 
northeastern  North  America  would  be  decidedly  improved  if  all  that 
has  been  written  about  it  were  at  once  struck  out  of  existence."''^ 

These  statements  are  made  to  illustrate  the  extreme  difficulty  of  the 
investigation  of  the  Archaean  rocks  in  the  regions  hitherto  studied; 
and  to  emphasize  the  importance  of  careful  and  competent  observa- 
tions in  a  region  where  the  Archaean  series,  as  in  northeastern  Min- 
nesota, has  escaped  most  of  those  physical  disturbances  which  have 
involved  other  districts  in  confusion  almost  inextricable.  After  the 
abnndant  details  of  facts  accumulated  during  two  seasons,  upon  the 
Archaean  rocks  of  Minnesota,  a  report  might  well  be  regarded  incom- 
plete without  a  concise  summary  of  the  general  nature  of  the  facts, 

*  ^Vhitnajrand  WnrNworth  :  Tht  Azoic  Sy«tem  and  its  propotefi  tubdivUion*.    Bull.  Ma«.  Comp. 
Zool.   C'eol.SerlG*.  I,&2U.  " 
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and  a  brief  indication  of  the  inferences  which  they  seem  to  sQstam. 
In  this  place  however,  the  reader  will  not  anticipate  any  exhaustive 
discussions.  What  I  have  to  offer  in  this  conclusion  will  be  more  in 
the  nature  of  a  syllabus  of  the  full  discussion  of  which  the  facts  re- 
corded might  serve  as  a  basis 

All  the  clastic  rocks  in  the  northeastern  angle  of  Minnesota,  omit- 
ting here  all  reference  to  the  red  sandstone,  preseat  an  ancient,  pre- 
palaeozoic  aspect.  Associated  with  them  are  eruptives  of  various  sorts, 
which  probably  rose  to  the  surface  at  very  diverse  epochs.  The  clastic 
rocks  are  destitute  of  fossil  remains,  as  far  as  known.  Most  of  them 
have  been  subjected  to  metamorphic  actions;  and  to  a  large  extent,  v 

the.'^e  have  been  intense.  Enormous  masses  have  assumed  a  condition 
fully  crystalline. 

Within  the  region  here  considered,  the  geographical  distribution  of 
the  several  terranes  is  east-northeast  in  the  Vermilion  district,  and 
nearly  east  in  the  district  eastward  from  Knife  lake.  Throughout  the 
entire  region,  the  clastic  rocks — not  excluding  the  so-called  granites 
and  syenites — present  a  bedded  structure,  sometimes  indeed  obscure, 
but  everywhere  discernible  over  all  considerable  exposures.  Among 
the  granites  and  gneisses  the  bedding  may  possibly  be  regarded  as  the 
result  of  foliation  alone;  but  I  have  been  led  to  think  that  its  direc- 
tion was  predetermined  by  planes  of  sedimentation.  This  question 
however,  at  an  appropriate  time,  Will  receive  special  consideration. 
For  similar  reasons,  I  regard  the  bedding  of  the  crystalline  schists  as 
primitively  sedimentary.  The  two  older  systems  of  rocks  have  their 
planes  of  bedding  nearly  vertical — inclining  only  a  few  degrees  in 
one  direction  or  the  other.  The  bedding  of  the  newer  system  is  nearly 
horizontal — inclining  five  to  fifteen  degrees  southward  in  the  regions 
here  reported  on. 

1. — Granitoid  and  gneissoid  rocks.  Within  the  distiict  under  con- 
sideration, occur  three  areas  of  granite  or  granitoid  gneiss,  which  I 
will  here  designate  1. — The  Basswood  granite,  2. — The  White  Iron 
granite,  and  3. — The  Saganaga  granite.  The  names  are  taken  from 
lakes  lying  within  these  areas  respectively.  The  former,  two  were 
described,  as  far  as  the  writer's  personal  observations  extended,,  in  the 
15th  annual  report  (1886).  The  Basswood  granite  occupies  all  the 
Minnesota  shores  of  Basswood  lake,  except  the  southwestern  shore  of 
Arm  I.  The  shores  of  Arm  Y  have  been  but  partially  explored,  but 
that  arm  lies  wholly  within  the  granitic  field  as  traced  out.  From 
Basswood  lake  the  southern  border  of  this  area  extends  west-southwesit 
to  Burntside  lake,  bringing  all  except  tKe  southwest  bay  and  southern 
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«bore  of  that  lake  within  the  granitic  area.  In  my  own  examinations 
I  have  not  traced  this  boundary  further  west,  but  it  is  known  to  strike 
Verri^ilion  lake  in  such  a  way  that  most  of  the  northern  shore  lies 
within  the  granitic  area.  From  Basswood  lake  I  have  traced  this 
^granitic  mass  along  the  national  boundary  to  the  middle  of  Tron  lake. 
Other  researches  show  that  the)  entire  region  between  Vermilion  and 
Burntside  lakes  and  the  national  boundary  is  occupied  by  an  unbroken 
€xten8ion  of  the  Basswood  granite. 

The  White-Iron  granite  occupies  all  the  shores  of  White  Iron  lake, 
•except  those  of  the  northern  extremity.  Eastward  from  this,  its 
northern  boundary  runs  a  little  south  and  then  a  little  north  of  the 
Ea^ishiwi  river,  and  thence  to  the  western  side  of  Snowbank  lake. 
All  except  a  part  of  the  northwest  shore  of  this  lake  lies  within  the 
White  Iron  granite  area.  Farther  east,  this  granitic  mass  is  lost  be- 
neath a  vast  sheet  of  gabbro.  This  gabbro  covering  extends  in  the 
same  direction  as  far  as  lake  Gabimichigama,  and  apparently^ beyond.- 
To  the  south  of  the  northern  boundary  of  the  White  Iron  granite  as 
thus  traced,  this  granitic  mass  has  not  been  explored  by  the  writer, 
except  on  the  shore  of  the  lake,  and  at  the  point  where  it  crosses  the 
railroad  between  Two  Harbors  and  Tower. 

The  Saganaga  granite  occupies  all  the  shores  and  islands  of  the  lake 
of  that  name,  except  the  northwest  shore.  It  does  not  include  Oak 
lake;  but  Red-rock,  West  Seagull,  Seagull,  Granite  and  Pine  lakes 
lie  wholly  within  it.  On  the  south  it  extends  to  Gunflint  falls  of  the 
Boundary  river,  and  its  southern  border  has  been  traced  east  by  north 
into  Canada,  along  a  line  about  a  mile  north  of  Gunflint  lake,  reach- 
ing the  shore  at  the  rapids  of  Gunflint  river,  and  continuing  half  a 
mile  north  of  the  most  projecting  bays  of  North  lake.  From  the 
western  limit  east  of  Oak  lake,  and  west  of  West  Seagull,  the  Saga* 
naga  mass  trends  into  Canada  in  a  mean  direction  east  by  north. 

It  will  be  noticed  that  the  Saganaga  granite  lies  in  the  direction  of 
the  prolongation  of  the  White  Iron  granite;  but  the  two  are  not  in 
continuity  at  the  surface.  All  the  shores  of  Ima  lake,  five  miles  east 
of  Snowbank,  are  bordered  by  gabbro,  and  this  rock  has  been  traced 
northward  to  Eekequabic,  around  whose  shores  the  earthy  schists  are 
found  in  place.  Thus  the  whole  breadth  of  the  belt  of  White  Iron 
granite  traced  from  the  west,  is  cut  off  at  the  surface  and  concealed. 
A  little  further  east,  in  the  mountain  range  south  from  Ogishke- 
tnuncie  lake,  a  different  eruptive,  apparently  more  recent,  occupies 
the  surface.  About  Gabimichigama,  the  surface  is  held  again  by  gab- 
bro which  extends  eastward  indefinitely.     But  in  the  fifth  range  of 
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townships  west,  quite  another  terrane  —  the  Animike  —  is  seen  em- 
erging  from  beneath  the  gabbro.  This,  without  attaining  here  any 
considerable  breadth  on  the  north  of  the  gabbro  limit,  is  found  ihin* 
ning  out  against  the  southward  slopes  of  the  Saganaga  granite.  As  a 
fact  of  surface  observation  thereforei  the  Saganaga  area  is  completely 
isolated  from  the  White  Iron  area.  So  far  as  the  facts  thus  stated  go, 
it  seems  probable  that  the  two  must  be  regarded  as  continuous  un^ier* 
neath  the  covering  of  more  recent  terranes —  the  Animike,  the  gab* 
bro  and  the  greenstone.  This  view  is  sustained  by  the  continuit}-  of 
trend  of  the  neighboring  vertical  schists  through  the  basin  of  Knife 
lake  and  its  long*eztenderi  Fourth  Arm.  It  id  further  evinced  by  the 
similar  constitution  and  structure  of  the  Saganaga  and  White  Iroa 
granites.  But  the  separateness  is  indicated  on  other  grounds  to  which 
I  shall  refer,  and  my  conclusion  is  that  the  White  Iron  and  Saganaga 
granites  have  only  a  deep-seated  connection. 

As  repeatedly  illustrated  in  the  details  of  observations  reported, 
these  granitic  masses  exhibit  everywhere  a  vertically  bedded  structure. 
This  is  generally  somewhat  distinct,  and  the  terrane  is  a  characteristic 
gneiss.  The  bedding  is  most  distinct  in  the  neighborhood  of  thecr^'s- 
talline  schists  which  everywhere  flank  the  granitoid  masses.  It  grows- 
less  distinct  as  we  recede  from  their  neighborhood.  The  nearest  ap- 
proach  to  the  massive  condition  of  a  typical  granite  is  noticed  alon^ 
the  shores  of  Crooked  and  Iron  lakes,  at  a  distance  of  about  IS  mile» 
from  the  schists  of  Burntside  lake.  But  even  in  Iron  lake  the  beddin^; 
in  many  places,  is  quite  unmistakable.  This  bedding,  it  is  almost 
needless  to  say,  is  the  usual  schistosity  of  the  crystalline  rocks. 

Bedding  of  a  different  sort  is  occasionally  met.  The  terfane  is  di- 
vided by  numerous  planes  nearly  horizontal.  At  times  resulting  lay- 
ers are  less  than  half  an  inch  in  thickness;  generally,  they  exceed  an  ^ 
inch.  The  dividing  planes  do  not  possess  the  regularity  and  rigidity 
of  proper  joints,  and  their  cause  appears  to  be  extremely  different. 
Slow  weathering  seems  to  be  indicated  by  the  usual  relation  of  the 
bedding  planes  to  surfaces  of  exposure.  The  most  striking  examples 
of  this  structure  occur  on  the  northern  shores  of  Basswood  lake,  in 
range  nine  west. 

The  characteristic  mineral  contents  of  the  granitoid  rocks  are  quartz, 
orthoclase  and  hornblende  or  mica.  These  constituents  vary  greatly 
in  relative  proportions.  In  the  Basswood  granite,  the  quartz  gruius 
are  generally  not  over  a  tenth  of  an  inch  in  diameter.  In  the  White 
Iron  Granite,  they  occasionally  attain  a  diameter  of  a  quarter  or  third 
of  an  inch,  and  in  the  Saganaga  Qranite,  large  grains  of  quartz  are 


8Ti.TB  OEOLOOIST.  833 

generally  dispersed,  and  become  a  characteristic  feature  of  that  ter- 
rane,  very  often  reaching  half  an  inch  in  diameter.  The  dark  mineral 
of  the  Ba8swo(»d  granite  is  very  generally  mica — for  the  greater  part 
biotite,  but  often  hydromica.  Muscovite  prevails  along  Crooked  and 
Iron  lakes,  and  biotite  and  hydromica  at  Burntside  lake.  In  certain 
^conditions  of  the  formation,  the  biotite  is  extremely  fine,  badly  char- 
acterized, even  under  the  lens,  and  seems  to  be  in  a  nascent  state. 
From  such  a  condition  of  the  rock  we  pass  in  one  direction,  to  a  well 
defined  mica-granite,  and  in  the  opposite,  to  a  well  defined  hornblende- 
granite.  The  transition  is  transverse  to  the  axis  of  the  bedding.  In 
the  White  Iron  and  Saganaga  masses,  the  dark  mineral  is  chiefly  horn- 
blende. But  not  unfrequently  it  is  augite,  and  very  commonly  the 
mineral  has  reached  by  the  process  of  change,  an  earthy  and  viri- 
ditic  aspect.  In  the  Baswood  area'in  the  vicinity  of  Pipestone  falls,  a 
chloritic  mineral  usurps  the  place  of  mica  or  hornblende,  and  instead 
of  occurring  in  distinct  grains  or  individuals,  blends  off  on  the  borders 
into  the  contiguous  feldspar.  This  condition  of  the  granite  is  found 
also  in  the  southern  part  of  lake  Eekequabic,  and  again  in  the  south- 
ern part  of  West  Seagull  and  Seagull  lakes,  and  in  the  west  one  of 
the  long  Arms  of  Saganaga  lake.  Quartz,  in  these  cases,  occurs  but 
sparingly.  Chlorite-syenite  is  a  condition  appertaining  to  the  vicinity 
of  the  schists  which  flank  the  granitoid  masses  on  both  sides. 

As  to  the  feldspathic  constituent,  it  is  prevailingly  orthoclase.  This 
on  fresh  fracture  is  white  in  some  districts  and  red  in  others.  In 
some  regions,  the  white  or  pale  orthoclase  weathers  red.  This  is  the 
oase  along  the  shores  of  Crooked  lake,  where  the  wide-extended,  bare 
surfaces  acquire  a  blood-red  hue.  In  other  regions,  as  along  the  west 
side  of  West  Seagull  lake,  the  white  orthoclase  weathers  white,  and 
the  granitic  hills  gleam  with  a  brilliance  almost  dazzling  At  some 
places  on  White  Iron  lake  the  orthoclase  occurs  in  individuals  an  inch 
in  diameter.  In  other  regions,  the  orthoclase  is  badly  individualized, 
and  forms  an  imperfect  groundmass  for  the  other  minerals.  Beside 
orthoclase,  triclinic  feldspars  are  generally  present  in  subordinate  pro« 
portions.  Occasionally,  by  the  adventitious  absence  of  the  dark  min- 
erals, the  rock  becomes  a  true  granulyte,  but  generally  with  an  excess 
of  orthoclase.  .On  the  contrary,  the  granulyte  is  eminently  quartzose 
at  the  head  of  the  small  bay  near  the  west  end  of  lake  Saganaga. 

The  physical  structure  and  mineral  constitution  of  the  granitoid 
masses  are  subject  to  marked  and  sometimes  abrupt  variations.  In 
the  middle  of  lake  Saganaga,  I  found  an  island  composed  of  good 
tnica-gneiss.    On  all  sides  the  formation  is  syenite.     In  the  westerly 
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one  of  the  two  losg  arms  of  Saganaga  lake,  the  syenite  on  one  of  the 
islands  becomes  abruptly  quartzose  to  excess,  and  simultaneoasly  the 
orthoclase  becomes  a  feldspathic  matrix,  and  then  nearly  disappears^ 
and  an  areillaceous,  sericitic,  schistic  rock  takes  the  place  of  the 
syenite.  But  this  is  immediately  succeeded,  on  the  nearest  island,  by 
th\B  ordinary  syenite  of  the  region. 

A  highly  striking  and  significant  feature  of  the  Saganaga  and  White 
Iron  syenites  is  the  presence  of  rounded  pebbles  sparingly  dissemia- 
ated,  but  at  certain  points  aggregated  in  such  numbers  as  to  form  a 
real  conglomerate  iu  the  midst  of  the  syenite.  Many  particulars  of 
these  occurrences  have  been  recorded  in  my  notes  on  Seagull,  West 
Seagull  and  Saganaga  lakes,  to  which  reference  may  be  made. 

These  observations  are  quite  analogous  to  others  made  in  New  Eng- 
gland  and  reported  in  a  comprehensiye  way  in  the  Geology  of  Ver' 
mont/  In  most  of  the  instances  cited  by  Dr.  E.  Hitchcock,  the 
pebbles  are  embraced  in  ''  talcose  schists;"  but  he  mentions  cases  in 
Massachusetts  and  Vermont,  of  which  he  says:  ''We  define  thi» 
rock  as  a  conglomerate  with  a  cement  of  syenite  or  granite,  or  as  a 
syenite  or  granite  with  pebbles  in  it,  sometimes  thickly  and  some- 
times sparsely  disseminated."  The  rounded  pebbles  on  Ascuteny  are 
**  black  rounded  masses  which  are  for  the  most  part,  crystalline  horn* 
blende  with  some  feldspat."  *'At  Granby,  the  pebbles,  manifestly 
rounded,  are  either  mica  schist  or  white,  almost  hyaline  quartz  *'  On 
the  other  hand,  the  pebbles  occurring  in  the  Saganaga  syenite  are 
mostly  greenish,  lamellar,  augitic  and  chloritic;  but  some  of  them  are 
composed  of  augite  and  a  feldspar  having  the  microscopic  appearance 
of  orthoclase.  Quartz  is  conspicuously  absent.  To  the  interpretation 
of  these  facts  I  will  briefly  return  in  another  connection. 

The  gneiss  and  granites  are  extensively  traversed  by  quartzose  and 
granulitic  veins.  These  have  been  fully  illustrated  in  the  annual  re* 
port.  Dikes  of  diabase  are  abundant.  Occasionally,  as  in  Burntside 
lake,  they  appear  to  be  rather  dioritic. 

2.  Vermilion  crystalline  schists.  The  vertically  schistose  gneisses- 
are  flanked  by  vertical  crystalline  schists  having  a  variable  width. 
These  have  been  designated  by  the  geological  survey  of  Minnesota^ 
*'The  Vermilion  group."  Along  the  south  side  of, the  Basswood 
granite,  they  occupy  an  average  width  of  half  a  mile  -*  but  varying 
from  a  quarter  of  a  mile  to  two  miles.  The  belt  has  been  traced  quite 
distinctly  from  Vermilion  lake  to  near  Carp  lake  —  taking  in  the  south, 
shore  of  Burntside,  passing  north  of  Long,  including  the  north  part 

*  Volnme  I,  pp.  88-45;  e^pectttlly  pp.  40  and  41. 
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of  Newton,  occupying  the  west  side  df  Arm  II  of  Basswood  lake,  the 
southern  swell  of  Arm  III,  and  the  southern  extremity  of  Arm  I.  The 
continuance  of  this  belt  of  crystalline  schists  has  not  been  observed 
further  east.  It  is  supposed  to  strike  northeasterly  into  Canada,  lying 
somewhat  to  the  north  of  Sucker  and  Pseudo-messer  lakes. 

Another  belt  of  the  crystalline  schists  extends  along  the  north  flank 
of  the  White  Iron  granite.  It  touches  the  northern  extremity  of 
White  Jron  lake,  and  is  well  exposed  at  the  rapids  out  of  the  lake. 
Its  westward  continuation  I  have  not  traced.  Eastward  I  have  not 
been  able  to  trace  it  continuously  farther  than  the  western  border  of 
Range  X;  but  it  ought  to  be  found  on  Triangle  lake,  and  thence  to 
Snowbank,  near  the  western  extremity;  where  evidences  of  its  prox- 
imity have  been  observed.  Eastward  of  Snowbank  lake,  its  non-ap- 
pearance may  be  attributed  to  the  bed  of  gabbro  which  conceals  the 
eastward  prolongation  of  the  White  Iron  granite.  Farther  east,  we 
find  the  southern  slope  of  the  Saganaga  granite  encroached  upon  by 
the  Animike  slates;  but  north  of  Qunflint  and  North  lakes,  the  fringe 
of  crystalline  schists  appears,  resting  against  the  vertical  beds  of  gneiss. 
This  region  is  within  the  Canadian  Dominion,  and  no  attempt  has 
been  made  to  trace  it  farther. 

The  crystalline  schists  along  the  southern  border  of  the  Basswood 
granite,  consist  chiefly  of  muscovite  and  biotite  schist;  but  with  oc* 
casional  hornblende  schist  and  rarely  a  dioryte  schist.  Generally, 
these  schists  are  not  well  characterized,  being  fine-grained,  and  in 
many  places  transitional  in  constitution.  On  the  south  side  of  Burnt- 
side  occurs  a  good  scythe*stone — a  fine,  homogenous  muscovite-schist 
*-but  a  mile  or  two  further  east,  a  massive  hornblende  schist  usurps 
its  place.  In  the  belt  as  observed  north  of  Gunflint  and  North  lakes, 
biotite  and  hornblende  both  occur,  sometimes  in  mixture  and  some- 
times in  alternation. 

The  mode  of  transition  between  the  gneisses  and  crystalline  schists 
is  noteworthy.  It  is  never  abrupt.  It  is  a  structural  gradation.  In 
the  neighborhood  of  the  line  of  junction,  beds  of  gneiss  and  beds  of 
schist  occur  in  many  allernations.  On  the  gneissic  side  of  the  line, 
the  schistic  beds  are  at  first  several  inches  in  thickness,  and  of  fre- 
quent occurrence,  or  else  thin,  and  correspondingly  augmented  in 
Bumber.  As  we  recede  from  the  line,  the  schistic  beds  grow  thinner 
and  occur  less  frequently.  On  the  schistic  side  of  the  separating  line, 
occur  some  gneissic  bands  of  various  thickness,  all  conformable  with 
the  schists;  and  often  large  angular  fragments  of  gneiss,  little  or  not 
at  all  displaced  from  bedded  conformity  with  the  schist.     These  phe- 
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noniena  were  so  fully  described  and  illastrafced  in  the  fifteenth  report 
that  I  have  given  them  a  less  conspicuous  place  in  the  present  one. 
One  striking  instance  however,  is  described,  occurring  north  of  Gun- 
flint  lake,  in  which  I  estimated  about  five  hundred  thin  bands  of  horn- 
blende schist  intersecting  the  gneiss  within  a  breadth  of  forty -five  feet. 
I  have  also  described  in  this  region,  a  direct  mineralogical  transition 
from  earthy  and  sub-crystalline  schists  to  gneiss,  without  the  inter- 
vention of  proper  crystalline  schists.  The  earthy  schist  becomes  at 
first  porphyritic  with  feldspar,  and  then  with  feldspar  and  quartz. 
While  the  proportion  of  these  minerals  increases,  the  groundmass  re- 
solves itself  into  nascent  mica  and  then  into  well-formed  individuals 
of  biotite  or  hornblende,  or  both  together.  The  significance  of  these 
struct^iral  and  mineralogical  transitions  will  be  referred  to  in  another 
connection. 

3.  Kewatin  semi'Crystalline  schists. — In  his  "Report  on  the  Geology  of  « 
the  Lake  of  the  Woods  Region"  for  1885,*  Mr.  Andrew  C.  Lawson  has 
applied  the  term  '^Kewatin"  to  certain  schists  occurring  in  the  vicin- 
inity  of  that  lake  and  holding  position  immediately  above  the  gran- 
itoid gneisses.  The  geological  survey  of  Minnesota  has  for  two  years 
employed  this  term,  slightly  modified,  to  designate  provisionally  a 
series  of  earthy  and  semi-crystalline  schists  holding  a  position  next 
above  the  crystalline  schists.  In  our  usage  therefore,  the  term  is  less 
extensive  in  application  than  in  the  original  proposal  of  Mr.  Lawson. 
Without  citing  at  present,  the  classes  of  strata  embraced  under  this 
designation  in  Canada,  I  will  proceed  at  once  to  a  summary  descrip- 
tion of  the  strata  to  which  we  have  applied  it  in  Minnesota 

(1).  Distribution.  These  rocks  occupy  the  whole  of  the  south  and 
east  shores  of  Vermilion  lake  as  far  as  Mud  Creek  bay  and  somewhat 
beyond.  Thence  the  southern  boundary  of  the  belt  passes  half  a  mile 
south  of  Burntside  and  half  a  mile  north  of  Long  lake,  and  thence 
through  Newton  lake  nearly  to  the  most  southern  bay  of  Basswood 
and  Arm  I  of  the  same  lake.  It  continues  eastward  so  as  to  pass  be- 
tween Basswood  and  Carp  lakes,  and  thence  northeastward  into  Can* 
ada-*the  northern  lii&it  of  the  belt  lying  north  of  Sucker,  Pseudo- 
messer  and  Knife  lakes,  and  far  north  of  Ottertrack,  Oak  and  Saganaga 
lakes.  All  these  lakes  lie  wholly  within  the  Eewatin  belt,  except  Sag- 
anaga, which  only  encroaches  upon  it  along  the  northwestern  bordei^ 

The  southern  limit  of  the  Eewatin  belt  has  been  traced  from  a  point 
south  of  Eaglenest  lakes,  T.  62-15,  to  the  northern  extremity  of  White 
Iron  lake,  thence  across  the  north  part  of  Farm  lake,  to  Triangle  and 

•  GeologtcHl  and  Nainrul  History  Sarvey  of  Canada,  1686,  CO. 
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Snowbank  lakes.  Following  the  west  shore  of  Snowbank  it  leaves 
the  north  shore  within  the  granitic  area,  but  bends  southward  to  cut 
off  the  eastern  extremity  of  the  lake,  and  proceeds  thence  to  the 
vicinity  of  Eekequabic,  where  for  the  distance  of  two  miles,  it  is  over- 
lapped by  the  gabbro  sheet.  East.of  the  middle  point  of  this  lake, 
the  system  is  revealed  again,  if  we  may  venture  to  regard  the  Ogishke 
conglomerate  as  a  part  of  it.  But  the  southern  border  is  overlapped 
by  greenstone.  As  far  east  as  the  north  shore  of  Gabimichigama,  the 
system  is  largely  exposed,  with  its  character  well  preserved.  East- 
ward of  this,  for  twelve  miles,  the  writer  has  not  observed  the  Kewa- 
tin  rocks.  But  north  of  Gunflint  they  recur  in  unmistakable  char- 
actor  and  continue  eastward  near  the  north  shore  o  North  lake  into 
the  remoter  regions  of  Canada, 

It  will  be  observed,  from  the  foregoing  description,  that  no  con- 
nection has  been  actually  traced  between  the  Kewatin  schists 
north  of  Gunflint  lake  and  those  as  far  west  as  Knife  lake. 
Along  the  national  boundary,  the  Enife  lake  schists  have  been  traced 
to  the  crystalline  area  of  Saganaga  lake,  and  thence  along  the  north- 
west and  north  sides  of  that  lake.  The  southern  limit  of  the  Enife 
lake  schists  and  the  Ogishke  conglomerate,  on  about  the  meridian  of 
the  west  end  of  Saganaga,  is  lost  to  view.  Does  it  turn  northward 
so  as  to  throw  the  whole  breadth  of  thisEewatin  beltto  the  north  of  the 
Saganaga  granite;  or  is  the  Eewatin  belt  here  split — one  branch  pass- 
ing to  the  north  and  the  other  to  the  south  of  the  Saganaga  granite? 
In  the  former  case,  the  Saganaga  granite  would  be  continuous  with 
*  the  White  Iron  granite.  In  this  case,  the  Gunflint  Eewatin  would  be 
a  distinct  belt,  and  its  westward  continuation  would  have  to  be  sought 
along  the  southern  border  of  the  White  Iron  granite.  But  even  if  in 
position  there,  it  might  be  concealed  by  overflows  of  gabbro  and 
greenstone,  or  by  the  vast  Animike  system.  The  strike  of  the  Ani- 
mike  beds  north  of  Gunflint  is  so  much  north  of  east  as  to  suggest  the 
opinion  that  the  belt  is  separated  from  the  main  or  northern  belt  by 
the  interposition  of  the  White  Iron-Saganaga  granitoid  range.  At 
the  same  time,  its  lithological  characters  very  closely  resemble  those 
of  the  Enife  lake  Eewatin;  and  since  rocks  which  I  strongly  incline 
to  believe  Eewatin,  are  traced  eastward  from  Ogishke-muncie,  through 
Town-line  and  Frog-rock  lakes  well  toward  the  southern  side  of  the 
Saganaga  granitoid  area,  it  rather  appears  probable  that  the  Gun- 
flint Eewatin  is  really  a  southern  bifurcation  of  the  Enife  lake  Ee- 
watin. 

No  exposure  of  the  Eewatin  series  has  been  observed  by  myself  far- 
13 
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ther  east  than  North  lake,  in  the  meridian  of  Range  II  west.  But  I 
have  information  apparently  reliable,  of  its  occurrence  in  a  limited 
exposure  as  far  east  as  South  Fowl  lake,  in  sec.  1,  T.  64,  B  3E.  In 
the  opposite  direction  it  is  found,  according  to  a  private  letter  from 
Mr.  H.  V.  Winchell,  in  sec.  11,  T-  59,  R.  14 W.  It  strikes  here  N. 
80°  E.  The  position  seems  to  be  on  the  south  of  the  White  Iron 
granite  range. 

(2).  General  lithological  characters  of  the  Eewatin  schists.  Ver- 
tical bedding  is  almost  everywhere,  within  the  region  examined,  dis- 
tinct and  unambiguous.  In  certain  places,  however,  the  bedding  is 
obscure,  or  even  completely  obliterated.     Such  obscuration  may  often  v 

be  traced  in  the  action  of  erupted  masses;  but  more  often  the  hard- 
ened and  metamorphosed  condition  of  the  strata  is  not  ascribable  to 
any  visible  cause.  Passages  from  the  more  earthy  to  the  more  hard- 
ened condition  take  place  along  the  direction  of  the  strike,  as  also  in 
a  direction  at  right  angles  with  it.  The  strike  of  these  vertical  schists 
is  in  general  east-northeast  in  the  region  west  of  Saganaga  lake,  and 
somewhat  more  easterly  in  the  region  east  of  it.  The  directness  of 
the  strike  is  us  remarkable  as  its  persistence.  The  flexures  of  the  strata 
are  but  moderate.  It  is  only  on  the  south  of  Ogishke-muncie,  and 
about  Fox  and  Agamok  lakes  that  evidences  of  considerable  disturb- 
ance are  manifest  Some  of  these  features  were  described  and  figured 
in  the  report  for  1886,  pp.  168,  169,  375-378.  On  the  north  of  Saga- 
ga  lake  the  strike  still  holds  steadily  east-northeast,  and  on  the  north 
of  Ounflint  lake  it  is  not  very  different. 

The  beds  for  the  greater  part  are  even  and  continuous,  and  the  * 
cleavage  is  coincident  with  the  bedding.    The  planes  of  sedimenta- 
tion may  frequently  be  detected  by  means  of  the  usual  banding.     The 
universal  coincidence  of  these,  when  discoverable,  with  the  planes  of  ^ 

the  cleavage  system,  affords  good  evidence  that  the  cleavage  planes 
every  whera  point  out  the  direction  of  the  original  sedimentation. 

Often,  however,  the  bedding  becomes  irregular,  the  rock  being  re- 
solved into  a  mass  of  lenticular  and  cuneiform  pieces  a  few  inches  in 
length.  This  condition  may  pass  by  rapid  transition  into  that  of 
regular  bedding. 

In  lithological  composition  the  Eewatin  schists  present  notable  di- 
versification. The  principal  rock  species  are:  (1)  Qraywacke,  (2) 
Argillyte,  (3)  Sericitic  schist,  (4)  Chlorite  schist,  (5)  Porphyrellyte 
schist,  and  (6)  Hematite.  The  graywacke  generally  occupies  a  po- 
sition nearest  to  the  crystalline  schists.  Often,  however,  the  seri- 
citic and  ar^illitic  rocks  graduate  ip  kenitic  formation. 
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The  best  characterized  graywackes  are  obscurely  bedded,  dark  gray 
and  composed  of  fine  grains  of.quartz  and  feldspar  mostly  but  not  ex- 
clusively monoclinic,  all  imbedded  in  a  sparse  or  copious  groundniass 
of  a  silico-argillaceous  character  Disseminated  through  the  rock  are 
generally  some  black  specks  df  an  anthracitic  character.  Peroxide  of 
iron  also,  is  often  present.  From  the  condition  thus  described  the 
variations  are  very  marked.  Often  through  an  excess  of  quartz  and  a 
high  silicification  of  the  grbundmass,  the  rock  becomes  impure-flinty^ 
and  under  the  influence  exerted  by  heat,  has  acquired  a  ringing  hard- 
ness, accompanied  by  two  or  three  sets  of  jointage  planes,  which  di* 
vide  the  mass  into  cuneiform  portions.  It  thus  seems  to  answer  tb& 
description  of  homfels.  This  condition  is  approximated  very  fre- 
quently. But,  far  from  being  persistent,  we  often  see  it  pass  rapidly 
into  a  well-bedded  terrane.  In  another  direction,  the  felsitic  constit- 
uent exists  in  increased  quantity,  and  the  dark  aspect  of  the  other 
ingredients  gives  the  rock  a  diabasic  look,  especially  when,  as  is: 
mostly  the  case,  all  bedded  structure  is  completely  disguised.  At 
times  it  is  almost  impossible  to  decide  macroscopically  whether  the 
rock  is  a  real  diabase,  an  anamesitic  doleryte,  or  only  an  altered  and 
aberrant  gray  wacke.  (Rep.  XV,  p  27.)  As  an  instance  of  this  may 
be  mentioned  the  rock  about  the  shores  of  Flask  lake,  in  T.  64-9  W. 
Another  is  near  the  northern  entrance  to  Garden  lake  (XY  Rep.,  pp. 
125-6,  68.)  It  is  seen  equally  well  developed  on  the  north  shore  of 
Frog  Rock  lake  and  the  southern  part  of  Grab  lake. 

Another  member  of  the  Eewatin  series  is  argUlyte.  In  position  it 
generally  lies  next  the  principal  mass  of  gray  wacke.  Argillytes  welt 
characterized  exist  in  great  abuadance.  Such  may  be  seen  from  Ver- 
milion lake  to  Knife  lake.  Newfound  lake  and  Moose  lake  in  T.  64-9^ 
W.,  lie  in  the  midst  of  an  area  of  such  argillytes.  The  slate  is  bluish 
or  huffish,  highly  argillaceous,  and  cleaves  smoothly  and  with  great 
facility.  Such  slate  exists  less  exclusively  in  the  basins  of  Long,  Fall, 
Ensign  and  Knife  lakes.  Other  argillytes  equally  slaty  and  smooth- 
cleaving,  but  of  a  dark  almost  black  color,  are  widely  distributed  and 
abundant.  Of  rare  occurrence  in  the  vicinity  of  Vermilion  lake,  they 
are  quite  increased  in  volume  along  some  parts  of  Fall  lake,  and  be- 
come predominant  around  the  shores  of  the  western  part  of  Knife 
lake.  Dark  argillytes  are  also  associated  with  the  conglomerate  of 
Ogishke-muncie,  but  these  require  separate  mention.  Many  of  the 
argillytes  of  Knife  lake  acquire  a  considerable  percentage  of  silica,  and 
become  siliceous  argillytes,  retaining  generally  their  free  cleavability 
and  characteristic  color,  which  is  mostly  dark.     The  silicification  of 
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the  argillytes  has  frequently  s^one  so  far  that  the  rock  is  a  strict  silt' 
ceous  schist^  retaining  generally,  a  dusky  color,  but  sometimes  acquir- 
ing a  marked  translncency.  Generally,  strata  or  laraiuse  of  siliceous 
schist,  flint,  or  red  jasper  alternate  with  laminae  or  beds  of  dark  sili* 
ceous  or  characteristic,  argil^te.  Wi£h  these,  sometimes,  are  lam- 
inaB  of  haematitic  siliceous  schist.  In  a  large  detached  mass  of  this 
kind,  found  at  the  western  extremity  of  Knife  lake,  the  various 
laminae  were  strikingly  contorted.  This  mass  was  supposed  to  be  not 
far  removed  from  place;  but  no  such  character  has  been  seen  by  the 
writer  actually  in  strata  of  the  Kewatin  series  so  far  west  as  Knife 
lake.     But  jaspery  haematite  has  been  observed   between  Nameless  \ 

and  Sand  lakes,  in  T.  62-14.     On   the   contrary,  similar  characters 
have  been  observed  in  the  Animike  schists  north  of  the  west  end  of 
Gunflint  lake,  and  less  contorted  at  other  points   along  the  north 
shore. 

Besides  the  transitions  above  mentioned,  the  argillytes  of  Enife  lake 
exhibit  many  transitions  to  sericitic  schist.  This  may  be  observed 
taking  place  in  the  direction  of  the  strike  and  also  across  it.  Trans- 
itions to  gray  wacke  have  been  mentioned.  The  impression  made  upon 
the  observer  by  these  passages  is  a  conviction  that  all  these  species  of 
rock  have  been  originally  the  same;  and  out  of  the  same  material, 
varying  conditions,  primary  and  secondary,  have  produced  the  diversi* 
fied  states  of  rock  above  described. 

Another  species  of  rock  belonging  to  the  Kewatin  series  is  sericitic 
schist.  This  is  generally  of  a  light  brown  color  and  a  silky  or  soapy 
feel.  It  is  always  distinctly  and  thinly  laminated.  By  access  of  argil- 
laceous matter,  it  often  passes  into  a  brown  argillyte.  When  in  a 
state  of  characteristic^purity,  it  sometimes  effloresces  under  exposure 
to  the  weather,  giving  rise  to  a  powder,  white  like  flour  or  tinged  with  i 

iron  peroxide.     This  schist  is  most  abundant  in  the  western  part  of 
the  region  studied,  where  it  is  associated   with  beds  of  haematite 
Eastward,  it  becomes  a  brown,  smooth  sericitic  argillyte,  but  has  only 
a  local  distribntion.     It  occurs  on  the  north  side  of  Ensign  lake,  at  | 

one  or  two  points  in  the  northwest  part  of  Frog  Rock  lake,  and  at 
several  points  on  Town  Line  lake.  Outcrops  are  also  seen  on  the 
south  side  of  Ogishkemuncie  lake.  A  frequent  characteristic  of  the 
sericitic  argillyte  is  the  occurrence  of  disseminated  grains  of  free 
quartz.  This  character  is  quite  striking  at  one  point  on  the  north  of 
Ensign  lake,  on  the  south  shore  of  the  north  part  of  Ogishke-moncie 
lake,  and  at  two  points  on  Frog  Rock  lake  and  several  on  Town  Line 
alke. 


STATE  GEOLOGIST.  341 

A  fourth  species  of  schist  is  chloritic.  In  full  development  it  pos- 
sesses a  dark  earthy  green  or  bluish  color,  moderate  hardness,  and 
generally  an  imperfect  and  irregular  bedding.  The  general  trend  of 
the  structure  is  always  conformable  with  that  of  the  adjacent  schists. 
An  instance  of  the  highest  development  of  this  schist  may  be  seen  at 
Kawasachong  falls,  in  the  stream  flowing  from  Oarden  into  Fall  lake. 
As  the  nature  of  this  rock  is  not  yet  settled  by  common  consent,  it  is 
frequently  referred  to  in  thisreport  asthe  *'Kawasachongrock.*'  A  full 
account  of  its  occurrence  at  this  place  may  be  found  in  the  Fifteenth 
Report,  pp.  319-322.  The  fully  developed  condition  of  the  rock  may 
also  be  seen  at  many  other  poitits — notably  on  the  north  side  of  Frog 
Rock  lake,  where  I  made  a  detailed  study  of  it  (page  306),  and  at  the 
northern  extremity  of  Pseudo-messer  lake,  in  Canadian  territory.  It 
is  reported  largely  distributed  on  the  south  of  Long  lake  about  the  new 
iron  mines. 

Chlorite  schist  presents  countless  cases  of  gradation  into  sericitic 
schists  and  argillyte;  insomuch  that  in  my  detailed  descriptions  fre- 
quent  m'ention  is  made  of  ^'chloritic-sericitic  schists"  and  ^'chloritic 
argillyte."  The  chloritic  constituent  also  very  frequently  invades  the 
graywackes.  The  question  of  the  eruptive  origin  of  any  part  of  the 
chlorite  schist  will  be  considered  hereafter. 

A  fifth  species  of  schist  occurring  in  the  Eewatin  series  is  porphy- 
rellyte — a  name  of  purely  provisional  import,  and  used  here,  while  the 
rock  awaits  due  investigation,  simply  to  avoid  the  misapplication  of 
any  well-known  term.  This  species  of  schist  has  been  found  existing 
in  immense  volume  and  over  a  wide  extent  of  territory,  especially  be- 
tween Sucker  and  Gunflint  lakes.  In  tracing  out  the  schists  recog- 
nized as  sericitic  and  argillitic,  it  was  noticed  that  they  sometimes 
acquire  gradually  a  constituent  which  imparts  a  somewhat  waxy  lustre 
and  waxy  transparancy  on  thin  edges.  In  the  earlier  observations 
about  Vermilion  lake,  the  siliceous  constituent  was  sufficient  to  give 
considerable  hardness  to  the  rock,  and  such  schists  were  set  down  as 
''felsitic."  My  earlier  notes  in  1886  contain  occasional  mention  of 
'*  felsitic-sericitic  schist "  **  felsitic  argillyte  "  and  even  of  **  felsyte 
schist" — all  the  determinations,  it  will  be  remembered,  simply  mac- 
roscopic, and  made  in  the  field.  In  proceeding  eastward  similar  rocks 
were  occasionally  noted;  but  in  entering  Sucker  lake  from  the  west, 
it  was  first  noticed  that  the  so-called  "felsyte  schist"  was  deficient  in 
hardness,  and  I  felt  inclined  to  regard  it  as  an  "argillaceous  felsyte 
schist."  Uncertain  of  its  real  nature,  I  continued  to  note  its  occur- 
rence  in  increasing  abundance,  as  far  as  lake  Kekequabic.    Here,  on 
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Stacy  island,  I  found  distinct  and  numerous  feldspar  crystals  imbed' 
"ded  in  it.  Having  a  groundmass  apparently  feldspathic  to  a  partial 
extent,  this  formation  might  have  been  set  down  as  porphyry.  Bat  it 
'was  obviously  of  sedimentary  origin,  and  was  interbedded  with  slates. 
Also  in  the  immediate  vicinity,  the  forms  of  pebbles  were  tf-aceable 
in  the  rock.  Exactly  similar  observations  were  subsequently  made  on 
both  sides  of  the  narrows  between  Zeta  and  Dike  lakes,  T.  65-6W. 
{Fifteenth  Rep.,  p.  168),  but  most  sartisfactorily  on  the  north  side.  As 
the  rock  clearly  was  not  an  erupted  and  true  porphyry,  I  designated  it 
porphyreL  This  pseudo-porphyry  was  subsequently  met  many  times. 
Finally,  alons:  the  two  terminal  bifurcations  of  the  Fourth  Arm  of  I 

Knife  lake,  I  was  specially  impressed  by  two  groups  of  observations. 
Firsts  the  groundmass  of  the  porphyrel  was  entirely  too  soft  to  admit 
the  hypothesis  of  a  felsitic  nature;  and  secondly^  the  feldspar  crystals 
appeared  and  disappeared  at  frequent  intervals,  while  at  some  inter- 
mediate points  they  were  very  few  in  number,  and  sometimes  appeared 
to  be  just  emerging  into  existence  from  the  general  groundmass.  (See 
rocks  549  and  954-5.)  In  all  these  cases  the  formation  preserved  a 
rude  and  irregular  stratification.  On  tl^  north  bifurcation  of  the 
Fourth  Arm  of  Enife  lake,  porphyrellyte  is  the  prevailing  rock;  and  it 
rises  in  many  massive  bluffs  on  both  sides.  In  a  small  bay  near  the 
eastern  extremity,  it  becomes  a  porphyrel,  and  here,  as  at  Kekequa- 
bic  (west  end  of  Stacy  island  and  rock  360)  and  Zeta  lakes,  the  out* 
lines  of  pebbles  may  be  traced.  At  the  *'  Promontory  of  Enife  lake," 
which  separates  the  Fourth  Arm  from  the  body  of  the  lake,  an  argil- 
laceous porphyrellyte  is  capped  by  a  thick  sheet  of  gabbro  (p.  209).  A 
more  characteristic  porphyrellyte  is  capped  by  gabbro  on  the  eastern 
shore  of  the  southward  projecting  bay  near  the  eastern  end  of  Enife 
lake  (p.  206).  On  the  north  side  of  Gunflint  lake,  the  vertical  schists 
run^e  from  porphyrellyte  to  argillaceous  porphyrellyte  and  porphyrel. 
The  latter  acquires  also,  in  some  parts  of  this  region,  abundant  grains 
of  quartz. 

In  most  of  the  localities  where  porphyrellyte  occurs  it  is  found  alter- 
nating with  argilly te  —  sometimes  of  a  slate  color  and  sometimes  dark 
or  almost  black.  The  local  relations  of  these  different  varieties  of 
schist  are  well  illustrated  on  the  south  side  of  the  north  bifurcation 
of  the  Fourth  Arm  of  Enife  lake.  The  passage  is  both  along  the  strike 
and  across  it — in  either  case  reflecting  light  on  the  genetid  relations 
of  the  two.  In  the  same  region,  but  chiefly  on  the  north  shore,  the 
porphyrellyte  may  be  seen  passing  into  a  hardened  flinty  argillyte,  as 
also  into  a  condition  having  a  diabasic  aspect  —  hard,  and  almost 
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without  bedding.  A  puzzling  condition  occurs  on  the  north  side  of 
Frog  Rock  lake,  where  toward  the  east,  felsitic-looking  bosses  alter- 
nate with  diabase-looking  bosses,  chloritic  bosses  and  real  diabase. 
Never,  however,  as  far  as  I  have  traced  the  Eewatin  schists,  does  the 
translucent,  waxy  constituent  permanently  disappear.  This  seems  to 
be  the  fundamental  material  out  of  which  nature  has  produced  not 
only  porphyrellyte  and  porphyrel,  but  also  some  sericitoid  and  argil- 
laceous schists,  and  even  some  hard  diabase-looking  rock-masses. 
These^indications  led  me  to  designate  as  *' Eewatin  stuff'*  the  funda- 
mental mineral  which  has  revealed  itself  under  so  many  aspects. 

The  diversification  of  porphyrellyte  may  be  traced  in  another  direc- 
tion. Already  when  making  observations  in  the  vicinity  of  Vermilion 
and  Eagle  Nest  lakes,  I  discovered  small  serpentinous  lumps  (XV 
Rep.  p.  32)  and  thin  films  in  that  modification  of  Kewatin  rocks  re- 
ported as  **  porodyte  " — after  Wadsworth.  I  recorded  the  opinion 
that  the  rocks  of  that  vicinity  were  pervaded  generally  **  by  a  mag- 
nesian  element.'*  Next,  I  subsequently  observed  in  the  southern  bi- 
furcation of  the  Fourth  Arm  of  Knife  \ake,  that  porphyrellyte  passes 
by  insensible  gradations  into  porodyte;  and  I  learned  that  Enifelake 
porodyte  is  only  another  of  the  modifications  of  ''Eewatin  stufi^.** 
Again,  the  obscurely  conglomeritic  character  of  some  examples  of 
porphyrel  has  been  noted  in  several  places.  Now  let  the  feldspar 
crystals  disappear  from  conglomeritic  porphyrel,  and  it  approaches 
closely  to  some  states  of  the  so-called  ''Stuntz  conglomerate" — of 
which  I  shall  have  a  word  further  to  say.  It  thus  appears  that  the 
basal  substance  of  porphyrellyte  reveals  its  existence  under  a  very  in- 
teresting variety  of  modifications. 

The  nature  of  that  basal  substance  remains  to  be  determined.  But 
meantime,  while  awaiting  opportunity  to  make  appropriate  investiga- 
tion, I  have  considered  the  possibility  that  Eewatin  stuiF  is  essentially 
parophite,  a  form  of  pinite,  a  hydrous,  aluminous  alkaline  silicate. 
Such  composition  would  account  for  porphyritization  with  either  feld- 
spar or  quartz,  or  both  conjointly;  and  as  magnesia  is  a  constant  alka- 
line constituent  (together  with  potash)  we  have  means  of  explaining 
the  occurrence  of  serpentinous  lumps  in  the  porodyte  of  Vermilion 
lake  —  if  indeed,  they  be  not  parophite  or  agalmatolite  instead.*  The 
formation  here  considered  seems  to  bear  no  relation  to  the  *'  Serpen- 
tine Group  **  of  Hominger.f 

•  P«n»phlto  it  a  nftme  proposed  by  Dr.  T.  8-  Unnt,  from  the  resemblance  of  the  rock  to  ophite  or 
•erpenttoe.  See  Report,  Canadian  Oeotogieal  Survey,  ISSl-S,  pp.  93-V9;  OeoloffM  of  Canada,  1883,  pp. 
494-6 

t  Romlnfer,  Oeolopieal  Suroey  of  Michtgan,  vol.  iv,  pp.  l8Mt3. 
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Should  it  be  supposed  that  the  porphyrel  above  referred  to  is  probably 
a  true  erupted  porphyry  the  followuig  may  serve  as  adequate  reasons 
for  thinking  otherwise :  \ 

(a)  The  vertical  structure  which  exists  seems  to  include  the  vestiges 
of  an  original  sedimentary  stratification.  This  structure  is  the  result 
of  stratification  and  schistosity  combined.  Sometimes  the  slatine»s  is 
conspicuous  (Rock  955). 

(b)  The  porphyrel,  in  numerous  cases,  reveals  the  original  presence 
of  pebbles,  the  outlines  of  which  are  now  obscured,  and  the  nature  of 
which  has  probably  been  changed, 

(c)  The  porphyrel  passes  insensibly  into  porphyrellyte  which  (be- 
sides retaining  its  traces  of  stratification)  exists  in  such  volume  that 
it  would  strain  credulity  to  believe  it  eruptive. 

(d)  The  gronndmass  of  the  Ogishke  conglomerate — beyond  all 
question  fragmental  in  origin  —  sometimes,  as  has  been  stated  in  the 
former  part  of  this  report,  develops  feldspar  crystals,  and  becomes  in 
form  and  substance,  an  argillaceous  porphyrel. 

(e)  Porphyrel  and  porphyrellyte  are  found  interstratified  with  dark 
siliceous  argillytes.     See  page  324. 

(3)  The  Ogishke  dolomyte.  Having  stated  concisely  the  characters 
of  the  predominating  rocks  of  the  Eewatin  series,  I  make  brief  men- 
tion next,  of  lithological  features  more  or  less  local  and  exceptional. 
Dolomyte  has  been  observed  at  only  one  locality.  That  is  near  the 
shore  of  the  northeastern  part  of  Ogishke-muncie  lake.  It  is  vertically 
bedded,  mostly  impure,  stained  with  iron  oxide,  crumbling,  pervaded 
by  sericitic  matter  and  passing  laterally  into  conformable  beds  of  seri. 
citic  schist.  The  strike  is  parallel  with  the  axis  of  this  part  of  the 
lake.  Tt  was  traced  only  a  few  rods.  For  further  particulars,  see 
pp.  95,  316. 

(4)  The  haematite  lodes  of  the  Kewatin.  These  have  not  fallen 
within  the  scope  of  observations  made  in  1887.  Such  facts  as  were 
observed  in  18S6  may  be  found  recorded  in  the  fifteenth  annual  re- 
port. 

(5)  The  conglomerates  of  the  Eewatin.  The  Ogishke  conglomerate 
is  limited  to  the  vicinity  of  Ogishke-muncie  lake.  On  the  west  it  is 
seen  first  at  Stacy  island  in  Eekequabic  lake;  but  occurs  also  along 
the  north  shore  of  the  eastern  part  of  the  lake.  Its  northern  boundary 
passes  a  little  north  of  Alpha,  Beta  and  Gamma  lakes,  sec.  29,  T.  65*6, 
and  thence  eastward  to  the  portage  between  Zeta  and  Dike  lakes, 
thence  to  the  portage  between  Zeta  and  Ogishke-muncie  lakes,  thence 
northeastward  so  as  to  cut  off  half  a  mile  of  the  eastern  end  of  Crab- 
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lake;  thence  east  to  the  northern  side  of  Town  Line  lake;  thence 
southeast  to  the  centre  of  sec.  18,  T.  65-5,  on  the  northwest  shore  of 
Frog  Rock  lake.  From  here  the  boundary  is  lost.  The  conglomerate 
does  not  appear  on  the  west  or  south  shore  of  Frog  Rock  iHke.  From 
the  point  of  occurrence  last  mentioned  the  boundary  must  pass  south- 
west. Section  24,  T.  65-6,  is  within  the  conglomerate  area.  The 
southern  border  is  found  near  the  outlet  of  Agamok  lake,  in  sec.  36, 
T.  Q5-6,  and  again  near  the  centre  of  sec.  35,  T.  65-6,  on  the  moun- 
tain slope,  a  mile  south  of  Ogishke-muncie.  But  from  here  the  boun- 
dary bends  suddenly  northward  to  the  N.  E.  i,  sec.  26,  T.  65-6,  and 
thence  southeast  to  S.  E.  i,  sec.  27,  T.  65-6.  Thence  the  southern 
border  bends  southeasterly,  passing  to  the  east  of  Twin  peaks  in  S.  E. 
i,  sec.  34,  T.  C5-6.  The  continuation  westward  is  now  unknown  for 
the  space  of  two  miles,  the  southern  boundary  being  struck  again  on 
the  southeast  of  lake  Kekequabic  in  sections  31  and  32,  T.  65-6.  The 
area  thus  circumscribed  has  an  extreme  length  of  eight  mihs  and  an 
extreme  breadth  of  two  miles  or  a  little  more. 

The  Ogishke  conglomerate  is  composed  of  beds  standing  vertical, 
with  slight  inclinations  one  way  and  the  other.  There  seems  to  be  a 
general  strike  in  an  east  and  west  direction,  and  in  places  this  strike 
is  distinct  for  a  quarter  of  a  mile  or  more,  especially  near  the  borders 
of  the  conglomeritic  area.  Within  the  area,  the  strikes  are  mostly 
obscure;  but  when  distinct,  they  conform  to  the  general  trend.  In 
many  places  however,  the  strike  seems  to  vary  much  from  the  normal 
direction.  This  is  seen  uloug  the  immediate  shore  of  the  lake,  and  on 
the  mountain  slope  south  of  it,  as  also  in  the  vicinity  of  Fox  and 
Agamok  lakes.  In  the  last  named  region,  a  centre  of  disturbance 
seems  to  be  revealed  (Fifteenth  Report,  pp.  168-9).  It  must  be  noted 
however,  that  the  magnetic  needle,  around  the  shore  of  Ogishke-mun- 
cie, deviates  with  much  irregularity. 

Considering  more  carefully  the  lithological  character  of  the  beds, 
we  find  the  grouufliuass  in  which  the  pebbles  are  imbedded,  to  be  es- 
sentially a  dark  slaty  nrgillyte,  varying  from  a  typical  argillyte 
through  all  the  conditions  already  noted  in  the  argillytes  of  the  Ee- 
watin  series — cleavable,  budly  cleavable,  siliceous,  feldspathic,  hard- 
baked  and  ^'diabasic."  The  pebbles  are  not  uniformly  distributed 
through  the  formation.  They  lie  in  courses  coincident  with  the  strike, 
and  their  longer  axes  generally  lie  in  the  same  direction  Some  of 
the  slaty  beds  are  well  filled  with  pebbles  large  and  small;  others  con- 
tain but  few,  and  these  mostly  small.  Again,  we  find  many  beds  en« 
tirely  destitute  of  pebbles;  and  this  condition  exi^ts  in  places  across 
43 


! 


346  SlXTEEltlH  AllKUAL  REPORT 

a  breadth  of  ten  or  twelve  rods,  to  be  succeeded  again  by  conglomer- 
ate. The  transition  is  apt  to  be  abrupt  A  bed  well  filled  with  peb* 
bles  is  likely  to  be  succeeded  by  beds  without  pebbles,  and  possessing 
all  the  characters  of  an  ordinary  argillyte  (See  Fifteenth  Rep.  p.  163). 
These  variations  are  well  seen  around  the  shoies  at  the  west  end  of 
Ogishke-muncie. 

The  limits  of  the  conglomerate  area  are  not  abrupt  They  are  in- 
dicated by  the  gradual  diminution  in  the  proportion  of  pebbles,  and  in 
their  size.  In  the  direction  of  the  longer  axis  of  the  area,  this  is  well 
seen  at  Stacy  island  in  lake  Eekequabic,  while  the  vanishing  point  in 
the  opposite  direction  is  seen'  in  the  northwestern  part  of  Frog 
Rock  lake.  In  this  direction  the  diminution  in  the  size  of  the  pebbles 
is  a  more  signal  feature  than  in  the  transverse  direction.  On  the  moun- 
tain south  of  Ogishke-muncie  the  country  rock  undergoes  a  change 
into  a  formation  resembling  greenstone;  and  in  this  large  bowlders  are 
sparsely  disseminated.  A  similar  observation  is  made  on  the  north 
of  Ogishke-muncie.  In  the  greenstone  condition,  the  outlines  of  the 
pebbles  become  much  obscured,  while  at  the  east  and  west  extremit- 
ies of  the  conglomerate  area,  the  diminished  pebbles  remain  well 
isolated. 

Another  course  of  variation  is  observed  in  the  vicinity  of  Ogishke- 
muncie  lake.  The  same  transitions  in  the  state  of  metamorphism  of 
the  mass  of  the  formation  take  place  as  have  been  noted  in  reference 
to  the  graywackes  and  argillytes  farther  west.  In  limited  districts 
the  smooth  rounded  bosses  of  the  conglomerate  present  a  striking  re- 
semblance to  diabasic  outbursts.  But  these  in  most  cases,  are  dis- 
tinctly  siliceous;  in  others,  the  groundmass  contains  numerous  indi- 
viduals of  feldspar.  Many  times  the  pebbles  are  nearly  or  quite  con- 
cealed by  the  change  which  has  affected  the  formation.  Sometimes 
the  forms  of  pebbles  are  completely  undiscoverable  above  the  water- 
line,  while  sufficiently  distinct  beneath  it.  These  conditions  are  best 
exposed  on  the  western  and  southern  shores  of  Ogishke-muncie.  On 
the  eastern  shore,  north  of  the  northern  narrows,  aod  at  a  distance 
inland,  the  diabasic  aspect  of  the  formation  and  the  pbscurity  of  the 
pebbles  are  very  noticeable  features. 

Another  feature  of  the  highly  metamorphic  conditions  of  the  for- 
mation is  the  metamorphism  of  the  pebbles^  as  well  as  the  groundmass. 
By  this  means  the  mineral  nature  of  the  pebbles  is  approximated  to 
that  of  the  groundniasS|  and  thus  the  obscurity  of  their  outlines  is 
caused.  The  pebble-bearing  ''green  rock"  on  the  mountain  south  of 
Ogishke-muncie,  seems  to  be  one  of  the  results  of  metamorphic  chaog^ 
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(Fifteenth  Rep.,  p  165).  But  I  do  not  mean  to  assert  the  absence  of 
erupted  greenstones  in  other  parts  of  the  same  range.  A  similar 
change  has  been  suffered  in  the  ridge  a  mile  north  of  Ogishke  muncie. 

As  to  the  pebbles  themselves,  it  may  be  stated  that  their  most  cons- 
picuous features  are  their  strictly  smcothed  spheroidal  forms,  the  di- 
versity of  their  mineral  characters  and  their  prevailing  arrangement 
in  courses.  Evidently,  these  rock-fragments  have  been  long  rolled  on 
some  ancient  beach.  Their  sizes  range  from  a  quarter  of  an  inch  to 
ten  inches;  and  the  groundmass  is  locally  composed  largely  of  the 
same  materials  in  a  finer  state.  This  is  seen  on  the  main  land  north 
of  Camper's  island.  Without  attempting  a  complete  enumeration  of 
kinds,  the  following  may  be  named :  (1).  Syenite,  resembling  Saga- 
naga  syenite  but  veith  little  hornblende;  (2).  Greenstone;  (3).  Por- 
phyry; (4).  Red  jasper;  (5).  Flint;  (6).  Quartz,  opaque,  white;  (7) 
Petrosilez;  (8).  Ordinary  syenite  with  black  hornblende;  (9).  Dior- 
yte,  coarse,  with  dark  green  hornblende;  (10).  Dioryte,  fine,  with 
dark  green  hornblende,  (11).  Porphyroid^  weathering  light  and  cel- 
lular; (12).  Siliceous  schist;  (13).  Carbonaceous,  siliceous  argillyte — 
sparingly.  The  foregoing  list  was  made  out  on  Camper's  island  near 
the  narrows  in  Ogishke-muncie  lake.  This  is  about  the  centre  of  the 
most  characteristic  portion  of  the  formation.  In  all  directions  from 
here  the  diversification  of  the  pebbles  diminishes.  On  Stacy  island 
however,  in  Eekequabic  lake,  the  conglomerate  is  slightly  brecciated, 
and  the  fragments  consist  of  fine  diabase,  dark  siliceous  schist,  red 
jasper  and  black  fiint,  all  imbedded  in  a  matrix  of  dark  color,  looking 
somewhat  like  th.e  overlying  dark  slate. 

The  relative  age  of  the  Ogishke  conglomerate  is  a  difficult  question 
which  cannot  be  regarded  as  settled.  The  prima  facie  evidence  would 
make  it  a  part  of  the  Eewatin  system,  conformable  in  structure  and 
consecutive  in  history.  The  fundamental  rock-stratum  holding  the 
pebbles  is  essentially  an  argillyte  presenting  the  same  characters  and 
subject  to  the  same  variations  as  the  argillyte  of  Knife  and  Pseudo- 
messer  lakes  and  the  region  further  west.  On  the  northern  boundary 
the  formation  visibly  passes  from  Ogishke-muncie  )»y  diminution  and 
final  loss  of  pebbles,  into  the  argillyte  of  Zeta  and  Epsilon  lakes  From 
Kekequabic,  it  graduates  similarly  into  the  argilly tea  of  Pickle,  Spoon, 
Plum  and  Knife  lakes.  On  the  west  it  is  traced  by  absolute  con- 
tinuity into  the  argillyte  of  the  western  Arm  of  Knife  lake,  and  theucc 
through  Sncker,  Ensign,  Newfound  and  Moose  lakes.  The  argillytes 
and  associated  schists  of  the  series  as  found  at  Ensign  and  contiguous 
lakes,  are  admittedly  in  continuity  with  the  argillytes  and  associated 
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schists  found  at  Long,  Sand,  Eagle  Nest  and  Vermilion  lake«>.  More- 
over, we  find  in  the  area  of  the  conglomerate  itself,  local  developments 
of  sericitic  schists,  such  as  farther  west  are  so  largely  associated  with 
the  argillytes.  These  are  found  on  the  shore  of  Ogishke-muncie  lake 
south  of  Camper's  island,  and  farther  north  on  the  south  shore,  asso- 
ciated with  the  dolomyte  above  described.  Such  schists  are  elsewhere 
found  within  the  conglomerate  area,  on  Town  Line  and  Frog  Rock 
lakes.  To  make  the  identification  more  complete,  the  sericitic  schists 
of  Frog  Rock  and  Town  Line  lakes  are  filled  with  quartz  grains,  pre- 
cisely as  the  recognized  Eewatin  sericitic  schists  are  charged  with 
them  on  the  north  shore  of  Ensign  lake.  Finally,  as  the  porphyrel- 
lyte  of  Zeta,  Dike,  Knife  and  Gunflint  lakes  becomes  locally  charged 
with  feldspar  crystals,  so  the  groundmass  of  the  conglomerate  be- 
comes similarly  charged  at  many  points  on  Zeta,  (rocks  916-17, > 
Kekequabic  and  Ogishke-muncie  lakes.  Lithologically  and  strati- 
graphically,  therefore,  ^the  identification  seems  to  be  complete. 

The  structural  continuity  can  be  traced  still  farther  east  and  north- 
east. The  vertical  porphyrellyte  schists  of  the  eastern  part  of  Knife 
lake  alternate  with  dark  argillytes  traced  from  the  western  part  of  the 
lake,  and  are  to  a  large  extent,  in  continuity  with  some  members  of 
them.  At  the  northeastern  extremity  of  Knife  lake,  the  argillaceous 
porphyrellvtes  disappear  from  observation  in  the  direction  of  the 
northwest  shore  of  lake  Sagunaga.  Along  that  shore  they  are  re^dis- 
covered.  In  the  regions  last  mentioned,  the  argillaceous  porphyrel- 
lytes  exhibit  characters  exceedingly  similar  to  the  schists  seen  north 
of  Ounflint  lake  and  traced  still  farther  east.  We  seem  to  discover 
therefore,  an  unbroken  continuity  between  the  western  schists  and 
the  eastern.  The  Ogishke  conglomerate  lies  between  the  two;  and  in 
making  their  connection  they  seem  to  pass  through  the  area  of  the 
Ogishke  conglomerate  On  structural  as  well  as  Uthologieal  grounds, 
the  conglomerate  seems  to  belong  to  the  Kewatin  series. 

As  to  its  position  in  the  Kewatin  series  we  have  some  facts  to  aid 
the  formation  of  a  judgment.  The  conglomerate  is  succeeded  north* 
ward  from  Ogishke-muncie  and  Kekequabic  lakes,  by  vertical  schists 
in  the  following  order:  1st.  Dark  argillytes  (I'ickle,  Plum  andlKnife 
lakes);  2d.  Graywackes  (IVth  Arm  Knife  lake),  porphyrellyles  (IV*b 
Arm  Knife  lake)  and  porodytes  and  Stuntz  conglomerate  (IVth  Arm, 
southern  bifurcation);  3d.  Porphyrellyles(IVth  Arm^  northeril  bifur- 
cation,  and  thence  across  the  main  body  of  the  lake  into  Canada). 
There  is  some  appearance  of  a  reversal  of  the  order  of  succession  in 
the  recurrence  of  a  broad  belt  of  porphyrellytes;  but  neglecting  that 
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question,  the  occurrence  of  porodyte  and  Stuntz  conglomerate  on  the 
north  indicates  a  high  straiigraphic  position  for  the  conglomerate; 
fiince  porodyte,  in  the  vicinity  of  Vermilion  lake,  holds  place  near  the 
base  of  the  Kewatin  series.  Moreover,  porphyrellyte,  passing  down- 
ward into  porphyre],  is  found  at  Gunflint  lake,  to  stand  jn  close  rela- 
tions with  the  crystalline  schists. 

Again,  it  has  been  shown  (Fifteenth  Rep.,  p.  165)  that  on  the  south- 
ern  border  of  the  conglomerate  ar^a,  the  prevailing  dip  of  the  beds  is 
northward  at  an  angle  of  50^;  while  it  is  shown  in  this  report  (p.  322) 
that  at  the  southern  point  of  Epsilon  lake — just  north  of  the  limits 
of  the  conglomerate,  the  argillyte  has  a  southward  dip  of  75°.  These 
indications,  so  far  as  they  go,  place  the  Ogishke  conglomerate  in  a 
synclinal  basin,  at  the  top  of  the  Eewatin  series. 

It  will  be  remembered  that  reasons  exist  for  concluding  that  the 
Eewatin  series  bifurcates  in  this  vicinity,  one  branch  passing  to  the 
north  and  the  other  to  the  south  of  the  Saganaga  granite.  Thus  a 
triangular  space  exists  between  the  diverging  branches  on  two  sides 
and  the  (apparently)  obtuse  termination  of  the  granitic  mass  on  the 
west.  It  is  not  clear  how  these  relations  would  help  to  an  understand- 
ing of  the  geological  history  of  the  conglomerate.  If,  however,  the 
superposition  of  the  conglomerate  is  correctly  induced,  there  must 
have  existed  at  one  time,  a  sea  or  bay  of  limited  extent,  in  which 
coarse  pebbles  from  rapidly  crumbling  shores  were  copiously  accumul- 
ated. As  probably  the  uplift  of  the  granitic  mass  has  taken  place 
since  that  time,  and  the  schists  thus  thrown  into  their  disturbed  po- 
sitions, the  configurations  now  apparent  would  convey  no  conception 
of  the  relations  of  land  and  water  during  the  formation  of  the  con- 
glomerate. 

A  different  conclusion  in  reference  to  the  age  of  the  Ogishke  con- 
glomerate'may  possibly  be  entertained.  That  view  identifies  it  with 
the  Animike  series;  and  I  postpone  the  consideration  of  it  until  that 
series  shall  have  been  sketched. 

It  is  not  to  be  supposed  that  the  small  area  of  Ogishke  conglomerate 
above  described  is  the  only  conglomeritic  product  of  that  epoch.  It 
is  worthy  of  inquiry  whether  the  wide-spread  pebbles  of  the  Saganaga 
granite,  and  which  culminate  in  abundance  on  Wonder  island  in  Sag- 
anaga lake,  and  on  the  west  of  Seagull  lake,  may  not  have  been  de- 
rived from  the  same  sources  of  supply.  It  is  true  the  pebbles  in  the 
granite  are  much  less  diversified  in  character,  and  approach  generally 
the  nature  of  greenstones.  But  it  has  been  shown  that  the  pebbles  of 
the  conglomerate  approach  a  similar  condition  in  situations  where 
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thermal  agencies  have  acted  most  e£5ciently.  As  in  the  gneisses, 
such  agencies  have  been  far  more  transfbrming  than  in  any  terrane 
retaining  some  portion  of  its  original  sedimentary  arrangements,  the 
difference  in  t]\e  nature  of  the  pebbles  in  the  two  formations  is  not 
sufficient  ground  for  denying  their  community  of  origin.  It  is  also 
true  that  in  regions  further  south,  bowlders  closely  resembling  the 
indurated  portions  of  theOgishke  conglomerate  are  of  frequent  occur- 
rence. The  relation  between  this  conglomerate  and  those  described 
by  Sir  William  Logan,  and  ascribed  to  the  Huronian,  cannot  be  here 
considered.  I  will  only  express  my  present  conviction  that  the 
Ogishke  conglomerate  may  be  identified  with  that  occurring  at  the 
mouth  of  the  Dor^  river,  near  Gros  Cap^  lake  Superior;*  but  seems  a 
different  one  from  the  "slate  conglomerate"  of  the  valley  of  the 
Thessalon  river  north  of  lake  Huron.! 

The  Stuntz  conglomerate,  as  above  indicated,  is  not  to  be  con  founded 
with  the  Ogishke  conglomerate.  It  holds  a  lower  stratigraphical  po- 
sition, is  generally  more  obscure  in  its  characters,  and  has  a  matrix 
possessing  less  a  slaty  than  a  porodytic  character.  Its  lateral  develop- 
ment is  also  inconsiderable.  Its  name  is  derived  from  Stuntz  bay  of 
Vermilion  lake,  in  the  vicinity  of  which  the  formation  is  most  clearly 
exposed;  but  I  have  also  identified  it  on  the  south  shore  of  Knife  lake. 
At  some  points  about  Vermilion  lake  it  appears  as  an  ordinary  coo - 
glomerate,  with  pebbles  quite  foreign  to  the  matrix  in  which  they  are 
imbedded;  but  in  other  situations,  the  matrix  assumes  a  diabasic  ap- 
pearance, and  the  pebbles  are  but  imperfectly  differentiated  from  it. 
This  feature  is  analogous  to  conditions  found  in  the  Ogishke  con- 
.  glomerate.    It  is  the  latter  condition  only  which  occurs  on  Knife  lake. 

As  only  a  small  development  of  this  formation  has  fallen  within  the 
field  of  my  own  observations,  I  have  no  occasion  to  make  further  men. 
tion  of  it. 

(6)  Relation  of  the  crystalline  and  Kewatin  schists.  The  Kewatin 
schists  above  described  pass  downward  somewhat  abruptly  into  the 
crystalline  schists  of  the  ^'Vermilion  group."  In  stratii^raphic  rela- 
tions the  two  series  are  everywhere  perfectly  conformable.  The  pos- 
sibility is  recognized,  however,  of  an  original  unconformity  which  has 
been  destroyed  by  violent  lateral  pressure  after  upheaval.  Yet,  I 
think  such  original  unconformity  improbable  in  this  case.  Never- 
theless, a  geologic  break  must  be  recognized  in  the  interval  between 
them.     The  conditions  under  which  the  upper  and  more  earthy  have 

*  Geology  of  Canada^  1B68,  pp.  6;!  and  53. 

f  In  this  I  differ  for  the  time  neinf(  rrom  my  brother  (Ameriean  OeoloffiM,  1,  p  .,14).  But  iln&l  etadlee 
win  probably  biiog  oe  Into  harmony. 
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resulted  are  thoroughly  different  from  those  under  which  an  entire 
group  of  rocks  underlying  has  been  crystallized  and  foliated.  There 
is  no  historic  continuity  between  them.     They  belong  to  different  ages. 

Mineral ogically,  the  relations  of  the  two  series  possess  much  interest. 
In  spite  of  the  inferential  break  between  them,  the  metamorphic 
agencies  which  have  given  exclusive  character  to  the  lower  seem  to 
have  encroached  slightly  upon  the  older  beds  of  the  higher.  In  re- 
peated instances  I  have  noted  a  gradual  passage  from  gray  wacke  to 
fine  mica-  or  hornblende,  schist.  But  a  more  striking  observation 
is  the  passage  of  porphyrellyte  to  gneiss,  as  already  described.  The 
process  shows  how,  in  some  cases,  the  interposition  of  crystalline 
schists  between  the  Eewatin  schists  and  the  gneiss  has  been  prevented. 
It  also  serves  to  establish  an  affiliation  between  schists  admittedly 
sedimentary  in  origin  and  schists  sometimes  relegated  to  the  category 
of  eruptive  rocks. 

(7)  Are  any  of  the  chloritic  or  sericitic  schists  of  the  Eewatin 
eruptive?  -I  have  stated  that  the  fully  developed  chlorite  schist, 
known  to  our  Survey  as  Eawasachong  rock,  presents  some  characters 
which  suggest  an  eruptive  origin.  It  has  a  rather  remote  resemblance 
to  some  old  decayed  diabases  in  which  a  rudely  bedded  structure  has' 
been  imparted  by  pressure  and  cleavage.  In  some  cases  it'scems  to 
present  the  condition  of  an  obscure  dike,  conformable  with  the  bed- 
ding of  the  country  rock;  but  generally,  it  would  be  regarded  rather 
as  a  vast  overflow.  The  deficiency  of  siliceous  matter  favors  the  same 
view 

The  following  facts  of  observation  may  be  mentioned  as  opposed  to 
.this  view.  The  ''Eawasachong  rock"  appears  to  be  absolutely  con- 
tinuous with  schists  which  are  simply  chloritic  and  admittedly  of  sed- 
imentary character.  These  are  continuous  with  schists  described  as 
**chloritic-sericitic"  or  ''chloritic-argillitic. "  It  has  the  same  vertical 
bedding,  though  obscured,  and  this  conforms  with  that  of  the  ad- 
jacent schists.  These  chloritic  rocks  then,  are  all  one  mass,  and  of  one 
origin.  Again,  if  the  Eawasachong  rock  were  an  eruption,  it  should 
disclose  somewhere,  unmistakable  lines  of  limitation.  Instead  of  this 
it  always  fades  into  the  contiguous  schist,  and  loses  its  proper  char- 
acters, without  the  possibility  of  fixing  its  bounds  These  limitations 
are  wanting  equally  in  a  vertical  and  a  horizontal  direction.  And 
lastly,  in  addition  to  being  incorporated  as  a  constituent  in  a  system 
of  schists,  its  volume  is  too  vast,  and  too  widely  distributed  to  permit 
the  probability  of  its  eruptive  character. 

Similar  statements  may  be  made  pro  and  cm^  respecting  the  origin 
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of  the  sericitic  schists,  or  any  portion  of  them.  The  discovery  of 
bedding  as  a  result  of  pressure  and  motion^^even  bedding  in  many 
eruptive  masses,  should  not  lead  to  the  following  of  a  fashion  which 
ignores  the  obvious  and  primary  significance*of  the  bedded  arrange- 
ment in  rocks. 

4.  The  Animike  series, — The  term  Animike  is  introduced  into  Min- 
nesota geology,  from  its  use  by  Dr.  T.  S.  Hunt  as  the  designation  of  a 
remarkable  series  of  schists  occurring  on  the  west  shore  of  Thunder 
bay  of  lake  Superior.*  Their  identity  with  the  typical  Huronian  rocks 
found  north  of  lake  Huron,  was  detected  by  professor  R.  D.  Irving, 
and  is  fully  established  by  personal  studies  made  by  my  brother  and 
myself  in  1887.  t 

(1)  Distribution.  The  Animike  rocks  stretch  from  Thunder  bay 
south  west  ward  as  far  as  Duluth,  and  still  beyond  to  the  Mississippi 
river.  The  lake*shore  belt  however,  from  Grand  Portage,  for  an 
average  width  of  about  twenty  miles,  is  occupied  by  rock's  of  the  Ke- 
wenian  or  copper  bearing  series — including  portions  of  the*lake  Super- 
ior sand-stone.  I  have  studied  them  along  the  international  boun- 
dary from  Grand  Portage  to  Gunflint  lake,  from  which  they  continue 
westward  for  at  least  four  or  five  miles,  and  possibly  to  the  vicinity 
of  Ogishke-muncie  lake.  There  is  reason  to  suppose  that  some  of 
the  black  slates  as  far  west  and  north  as  Knife  lake  belong  to  this 
series. 

At  Gunfliut  lake  and  eastward,  the  formation  assumes  a  striking 
character,  and  contributes  to  a  peculiar  physiognomy.  The  surface 
presents  a  series  of  ridges  or  ranges  approximately  parallel,  but  much 
broken  in  their  continuity  east  and  west.  The  ridges  have  the  ap« 
pearance  of  a  succession  oF  monoclinals  dipping  southward.  The 
basal  portions  of  the  ridges  consist  of  strata  of  the  Animike  series, 
dipping  gently  southward,  and  presenting  on  the  south  an  easy  decliv- 
ity, while  the  north  is  precipitous  and  exposes  the  edges  of  the  strata* 
The  summits  are  crowned  with  gabbro.  The  numerous  lakes  occupy 
the  depressions  between,  so  that  the  southern  shore  of  each  lake  pre- 
sents a  frowning  precipice  while  the  northern  shore  is  low,  but  often 
gabbrocovered,  with  the  surface  gently  rising  northward.     It  is  nat- 


*Huiit,  Trttnt.  Amtr,  Intt  of  Minina  Engineer;  vol.  1,  p.  U9.    Full  deacrlptiona  of  the  formiUoa 
Hiay  be  found  In  Logan's  Qtolooy  of  (hnada^  1863,  pp.  66-70;  end  more  extended  tn  Ir\inf*e  Oagiper- 
bearinff  Hocka  of  Lake  ^ui>erior,  In  monofraphe  of  the  United  State*  Geological  Sorvey,  Tol.  ▼,  pp* 
367-886.    AIro.  Third  Annual  Report  U.  8.  Gaol.  Sarv.,  pp.  157-163.    Consolt  also,  Bell,  tn  Geological 
hatvey  of  Can  (da.    Keport  for  1866-69,  pp.  318-19,  and  Report  1872-73,  pp.  98-8. 
t  N.  H.  Winchell  "0«  the  Oriainal  Huronian,"  American  Oeologlet,  x  ,  pp.  11-14,  Jan.  1888 
Prof.  Irving  went  further,  and  identuied  with  the  Haronian,  the  iron-bearing  rocke  of  Marqneita* 
Menominee.  Gogebic  and  Vermilion  lake. 
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below  the  gabbro  up  to  actual  contact,  I  find  sometimes  a  progressive 
assimilation  to  the  gabbro,  so  that  the  actual  plane  of  contact  woald 
be  unidentifiable  if  a  similar  graduation  existed  at  all  neighboring 
points  in  the  vicinity.  The  fact  is  singular  that  in  some  caMes  the 
black  slate  preserves  its  characters  little  changed  quite  up  to  the  b^se 
of  the  gabbro.  I  think  it  may  be  stated  that  the  change  is  greatest 
where  the  magnetite  is  most  abundant.  In  one  place  where  examina- 
tions were  made,  the  magnetitic  bed  was  found  uncovered  at  the  lake 
shore,  and  the  gabbro  was  discovered  in  the  vicinity,  at  an  elevation 
30  feet  higher,  resting  on  dark  slates.  These  slates  were  much  less- 
altered  than  in  other  places  of  contact  with  the  gabbro.  They  were 
also  less  magnetitic.  The  indication  is  that  above  the  main  bed  of 
magnetite  is  a  series  of  slates  magnetitic  or  not.  When  not  so^  they 
have  sufiered  less  change  than  when  otherwise. 

Some  of  the  ferriferous  beds  appear  to  be  simply  haematitic  I  have 
surmised  that  this  condition  has  sometimes  resulted  (as  it  certainly 
has  in  some  gabbros)  from  a  change  of  the  magnetite.  Equally  prob- 
able is  the  production  of  hsBmatitic  beds  from  an  original  sideritic 
condition.  Such  condition  is  conjectured  as  present  in  many  cases, 
but  opportunity  has  not  as  yet  been  afforded  for  settling  the  question. 

A  terrane  of  an  obscure  character  remains  to  be  mentioned.  This 
is  known  to  the  Minnesota  Survey  as  "muscovado,"  and  sometimes 
also  to  the  writer,  as  '^gabbroloid."  It  is  composed,  as  far  as  field 
studies  enable  me  to  judge,  of  a  fin^  granular  mass  of  feldspar  and 
quartz  in  an  almost  impalpsible  groundmass  of  the  same  materials 
mingled  with  aluminous  matter.  It  often  contains  fine  scales  of  bio- 
tite,  grains  of  olivine  and  specks  of  carbonaceous  or  anthracitic  mat- 
ter. It  has,  therefore,  some  relation  to  gray  wacke.  On  the  southern 
shore  of  lake  Gabimichigama,  it  does  not  reveal  any  bedded  structure 
(XY  Rep.,  pp.  70-1,)  but  rests  on  the  obscure  vertical  edges  of  agray- 
wackenitic  terrane.  On  an  island  in  the  eastern  part  of  the  lake, 
muscovado  fragments  overflowed  by  gabbro  are  seen  to  have  a  strati- 
fied structure  (XV  Rep.,  p.  171).  It  is  probably  the  same  rock  which 
was  seen  on  an  island  in  Illusion  lake  (XV  Rep.«  p.  145).  On  the 
north  shore  of  Iron  lake  (this  Report,  p.  305),  *' muscovado  "  occurs 
which  contains  much  glassy  feldspar  and  has  been  reported  a  quartzyte. 
Its  position  here  is  beneath  a  mass  of  magnetitic  gabbro,  and  its 
structure  is  obscurely  bedded.  It  occurs  also  on  the  north  shore  of 
Animike  bay,  under  a  feeble  development,  and  here  appears  to  lie  be- 
neath the  magnetitic  bed  of  the  Animike.  Finally,  at  the  iron  loca- 
tion two  miles  west  of  Gunflint  lake,  a  couple  of  beds  aggregating^ 
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•eight  feet  in  thickness,  and  approaching  *^  muscovado"  in  character, 
are  seen  immediately  beneath  the  magiietitic  bed.  It  is  not  seen  at 
the  test-pit.  because  its  position  is  lower  than  the  lowest  bed  exposed 
in  the  pit,  as  shown  in  Figure  49. 

It  appears,  therefore,  that  this  terrane  is  a  member  of  the  Animike. 
If  it  is  properly  identified  at  Gabimichigama  lake,  the  inference  is, 
that  the  thin  border  of  the  Animike  reaches  as  far  north  as  that  point; 
and  that  further  exposures  of  Animike  ought  to  be  found  by  exploring 
further  south — for  instance,  on  the  shores  of  Little  Saganaga.  It 
will  be  noticed,  however,  that  the  muscovado  of  Gabimichigama  re- 
tains its  characteristic  horizontal  position,  and  that  a  vertically  bedded  L 
terrane  underlies  it. 

There  is  indication  that  the  very  highest  beds  of  the  Animike  are 
simple  argillytes  with  little  magnetite  or  none;  and  that  the  absence 
of  the  magnetite  explains  the  comparatively  unaltered  condition  of 
the  slate  where  the  gabbro  rests  upon  it.  These  beds,  however,  do 
not  appear  to  be  over  twenty  or  thirty  feet  thick. 

Nothing  can  be  stated  with  definiteness  respecting  the  total  thick- 
ness of  the  Animike  series  in  Minnesota.  The  maximum  thickness 
observed  in  one  place  is  in  the  cliffs  of  Rove  lake  and  of  North  and 
South  Fowl  lakes.  Mount  Reunion  of  Rove  lake  exposes  a  bluff  of 
:slates  to  the  bight  of  about  100  feet  above  the  lake.  The  lower  50 
feet  however,  are  concealed  by  a  talus.  At  the  outlet  of  South  Fowl 
lake  is  a  hill  which  I  calculated  to  be  288  feet  high.  As  about  two- 
fifths  of  the  altitude  is  gabbro,  the  thickness  of  the  underlying 
Animike  is  about  175  feet,  if  it  extends  to  the  water-level. 

Probably  it  extends  much  lower.  The  distance  from  this  point  in 
a  straight  line  to  Partridge  falls  is  6.7  miles.  The  direction  of  Pigeon 
river  between  the  two  points  is  about  southeast,  and  the  whole  descent  ^ 

may  be  estimated  at  100  feet.  The  dip  of  the  Animike  slates  is  about 
8^  toward  S.  W  E.  The  distance  between  South  Fowl  lake  and  Par- 
tridge falls  corresponds  to  a  distance  of  5^  miles  across  the  strike  of 
the  schists;  and  this  distance,  with  dip  assumed,  corresponds  to  a 
vertical  thickness  of  4,032  feet.  If  to  this  we  add  the  bight  of  the 
fichists  at  iSouth  Fowl  lake,  we  should  get  4,200  feet  as  the  apparent 
thickness  of  the  Animike  between  the  two  points  assumed.  This 
would  not  be  the  total  thickness,  since  it  is  known  to  continue  still 
farther  in  the  direction  of  the  dip. 

From  the  lithologic  details  given,  as  well  as  from  the  slight  inclina- 
tion of  the  formation,  it  becomes  very  apparent  that  the  Animike  of 
Minnesota  is  the  equivalent  of  the  ''slate  conglomerate*'  of  the  typical 
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Huronian  of  Canada,  as  described  in  the  earlier  pages  of  this  report. 
Another  determination  of  even  greater  importance  is  afforded  b}'  the 
facts  to  which  I  now  proceed  to  refer. 

(4)  Unconformities  of  the  Animike.  Professor  Irving  of  the 
United  States  geological  sar^^y,  had  ranged  under  Huronian  not  only 
the  Animike  slates  of  Minnesota  and  other  regions,  but  also  the  slates 
holding  the  vast  haematite  deposits  of  Vermilion  lake  and  other  dis- 
tricts in  the  lake  Superior  basin.  But  it  has  been  my  good  fortune 
to  make  observations  which  demonstrate  that  the  Animike  and  Ee- 
watin  rocks  belong  to  different  geological  systems.  A  brief  announce* 
ment  of  observations  made  in  August,  1887,  was  published  in  Octo- 
ber,* and  some  additional  details  in  December  last.f  Fuller  details 
are  embodied  in  §  12  of  this  report.  It  is  therefore  only  necessary  in 
this  place  to  summarize  the  facts  to  which  I  refer.  With  professor 
Irving  it  was  a  problem  not  satisfactorily  resolved,  to  reconcile  the 
horizontal  position  of  the  Animike  slates  of  Gunflint  lake  and  Thun- 
der  bay  with  the  vertical  position  of  the  schists  called  in  this  report 
Eewatin,  on  the  supposition  which  he  made,  that  the  horizontal  and 
vertical  slates  are  identical,  and  both  Huronian.  With  this  problem 
before  my  mind,  I  sought  diligently  for  the  continuous  passage  of  the 
horizontal  schists  of  the  east  into  the  vertical  schists  of  the  west. 
The  vertical  schists  were  lost,  going  eastward,  on  the  southeast  side 
of  Seagull  lake.  The  horizontal  (Animike)  schists  were  found  seven 
miles  further  east,  at  the  western  extremity  of  Ganflint  lake.  I  was 
preparing  to  undertake  the  arduous  task  of  exploring  the  intervening 
region,  when  fortunately,  I  rediscovered  the  .vertical  schists  on  the 
north  shore  of  Gunflint  lake.  Th^  Animike  beds  had  been  seen  on 
the  eaat  and  on  the  west  of  this  point.  I  therefore  studied,  foot  by 
foot,  the  region  separating  these  vertical  schists  from  the  Animike  on 
the  east,  and  traced  the  two,  unchanged  in  attitude,  to  within  seven 
feet  of  actual  contact.  They  were  there  as  contrasted  in  petrographic 
characters  as  in  stratigraphic  position.  The  one  was  not  continuous 
with  the  other  They  were  not  only  two  different  formations;  they 
were  two  systems.  The  reader  will  turn  to  the  earlier  part  of  this 
report  for  the  details  of  facts.  The  vertical  schists  were  subsequently 
found  in  this  vicinity  under  a  great  development,^  but  reaching  the 
shore  of  the  lake  only  for  a  limited  distance. 

♦  ilmer.  Jour.  Set.,  Ill,  vol.  xxxxT  p.  314. 

t  UnconformitUt  qf  the  Animike  in  Minne«ota,  American  Geologist,  pp.  14-21,  Jan.  1888. 

X  Later,  I  noticed  that  these  schists  ba  I  been  mentioned  by  my  brother  as  early  as  18f  0,  la  the 
Ninth  Annual  Report^  Qeologv  of  Minnetota,  P*  tfS;  and  he  then  pronounced  them  ''another  and  dis. 
tinct  format  ion  from  the  slates  at  Grand  Portage."  They  were  apparently  referred  to  again  in  the 
Tenth  R^poH,  1881,  p.  88. 
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In  the  la^t  elaborate  paper  published  by  professor  Irving,  he  gives 
a  figure*  quite  similar  to  my  figure  44,  but  he  falls  into  an  error  in  the 
interpretation  of  the  facts.  Regarding  the  fiiat-lying  Animike  as 
identical  with  the  iron-bearing  formation  of  Vermilion  lake,  he  thinks 
the  vertical  schists  shown  in  the  figure  to  belong  wholly  to  the  crys- 
talline series.  They  are  the  crystalline  j^eries  at  the  right  of  the  figure ; 
but  at  the  left  they  graduate,  as  at  Vermilion  lake,  into  the  entirely 
conformable,  hsematitic,  Eewatin  series.  Thus  the  Animike  slates 
are  truly  unconformable  with  the  haematitic  schists.  There  is  another 
difficulty  in  professor  Irving's  interpretation.  On  his  view,  the  iron- 
bearing  series  is  abruptly  unconformable  with  the  older  crystalline 
schists.  The  fact  is,  that  every  observation  made  in  Minnesota,  bear- 
ing on  the  relations  of  the  two,  shows  the  Kewatin  iron-bearing  schists 
completely  conformable  with  the  crystalline  Schists.  This  objection 
can  hardly  be  disposed  of. 

But  the  unconformity  of  the  Animike  with  the  Eewatin  schists 
does  not  depend  for  proof  on  a  single  illustration.  On  the  north  side 
of  Epsilon  lake,  T.  65-6,  the  two  formations  are  found  again  in  con- 
tact. The  unconformity  is  disguised  by  a  common  system  of  vertical 
cleavage  planes  running  through  them;  but  by  careful  search  I  suc- 
ceeded in  finding  the  sedimentary  ribboning  of  the  Eewatin  slates 
coincident  with  the  cleavage,  while  the  conspicuous  ribboning  of  the 
Animike  slates  made  a  large  angle  with  the  cleavage.  These  facts  are 
illustrated  in  figure  59  of  this  report. 

After  leaving  the  field  I  received  information  of  anot]ier  stratigram 
phic  unconformity  in  the  far  east,  in  sec.  1,  T.  64-3E.  While  this 
report  is  in  press,  I  learn  of  still  another,  far  to  the  southwest.  Mr. 
H.  V.  Winchell  writes,  under  date  of  Aug.  5,  1888:  "Horizontal, 
black  Animike  quartzyte  containing  iron  ore,  lying  (unconformably) 
on  the  vertically  bedded  Eewatin,  which  strikes  N.  80°  E.  is  found  in 
sec.  11,  T.  5914W.  The  Animike  is  found  nearly  at  the  top  of  the 
Giant's  range,*'    This  locality  is  about  fifteen  miles  south  of  Tower. 

The  superposition  of  the  (supposed  upper  beds  of  the)  Animike 
slates  on  the  flanks  of  the  Saganaga  gneiss  has  been  described  in  this 
report,  and  illustrated  in  figures  48  and  49.  It  seems  probable  that 
many  of  the  depressions  in  the  old  eroded  surface  of  the  Eewatin,  in 
the  region  from  Gunflint  lake  to  Enife  and  Sucker  lakes,  were  filled 
with  the  sediments  of  the  Animike.  Subsequently  the  whole  region, 
and  both  systems  of  strata  have  been  subjected  to  the  common  action 

*  In  the  8econ<1  part  of  a  memoir  published  Id  the  Atner.  Jour.  Sei  *  lU,  ▼oU  xxxiv,  p.  tl 
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which  has  imparted  to  both  that  wonderfully  pereistent  and  uniform 
vertical  scbistosity  which  is  so  striking  a  feature. 

I  have  heretofore  recorded  my  impression  that  certain  black  argil- 
lytes  found  in  the  vicinity  of  Negaunee,  Michigan,  as  well  as  similar 
argillytes  seen  in  the  Gogebic  range,  are  probably  members  of  the  Ani- 
mike.  It  seems  probable  also,  that  the  black  fine-grained  slates  and 
interlaminated  siliceous  beds  of  Carp  river,  in  the  Upper  Peninsula  of 
Michigan,  may  sustain  the  same  relations.  A  similar  judgment  may 
be  passed  on  the  slates  of  TAnse  and  Huron  bay — the  lighter  colored 
of  TAnse  creek  constituting  an  upper  division*  the  banded  slates  al- 
ternating with  compact  siliceous  beds  partly  light  and  partly  dark 
constituting  a  middle  division,  and  the  roofing  si  tes,  a  lower  division. 
It  is  worthy  of  inquiry  also  whether  the  dark  slates  described  by 
H9ughton,  in  the  interior,  southeast  from  the  I  orcupine  Mountains 
and  the  Montreal  river,  may  not  also  be  equivalents  of  the  Animike. 
Some  of  the  quartzytes  and  argillytes  of  the  Menominee  river,  were 
referred  by  Houghton  and  Emmons,  as  the  latter  states,  to  the  Taconic; 
but  it  is  not  unlikely  that  they  represent  the  Animike/ 

(5)  Must  the  Ogishke  conglomerate  be  assigned  to  the  Animike  ?  I 
have  already,  in  speaking  of  the  Eewatin  series,  given  reasons  for 
thinking  the  Ogishke  conglomerate  should  be  included  in  it.  There 
are  also  reasons  for  suspecting  ii  to  be  a  part  of  the  Animike.  The 
dark  colored  argillytes  into  which  we  trace  the  beds  of  the  conglom- 
erate by  strict  continuity,  bear  strong  resemblance  to  the  slates  of 
Gunflint  lake.  If  we  pass  northward  from  Eekequabic,  across  the 
strike  of  the  region,  we  come  upon  the  Knife  lake  siliceous  argillytes, 
which  resemble  the  more  characteristic  siliceous  argillytes  of  the 
Animike.  These  slates  are  also  locally  ferruginous,  and  the  jaspilitic 
banded  example  illustrated  in  figure  20,  is  supposed  to  have  been  de- 
rived from  the  Knife  lake  slates  ^though  this  is  only  a  conjecture.  This 
example  bears  a  striking  resemblance  to  the  jaspery  schists  on  the 
north  shore  of  Gunflint  lake.  A  similar  loose  piece,  less  contorted, 
was  seen  between  Epsilon  and  Kekequabic  lakes.  This  is  illustrated 
in  figure  60.  The  presumption  is  that  this  was  derived  from  Animike. 
Kewatin  slates  are  near  on  the  north,  but  they  are  argillaceous  and 
porphyrellitic. 

Again,  the  slates  involved  in  the  Ogishkn  conglomerate  appear  to 
lose  their  steady  verticality  in  the  region  of  Agamok,  and  the  north 
shore  of  Gabiniichigama.     It  is  possible  that  this  is  the  region  of  pass- 

r  fact,  hM  already  been  Boggested  by  Irvlog  and  by  Hont. 
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a{^6  from  the  flat-lying  schists  of  Ganflint  lake  to  the  vertical  schists 
of  Knife  lake. 

In  addition,  it  may  be  mentioned  that  the  peculiar  rock  known  in- 
our  strvey  as  muscovado,  is  found  on  the  southern  shore  of  lake  Gabi- 
michigama  (where  sometimes  it  is  micaceous),  and  something  similar 
on  an  island  in  Illusion  lake  (XY  Rep.,  p.  145).  In  these  regions,  the 
vertical  Eewatin  has  not  been  certainly  identified.  On  the  other 
hand,  muscovado  of  similar  character  is  found  at  several  points 
already  mentioned,  and  at  some  of  them  it  appears  to  be  an  upper 
bed  oT  the  Animike.  I  have  already  recorded  my  readiness  to  admit 
that  it  represents  the  Animike  on  lake  Gabimichigama. 

The  objections  to  these  views  which  present  themselves  to  my  mind  ^ 
are  as  follows :  1.  The  evidence  already  cited,  that  the  Ogishke  slates 
and  conglomerates  are  embodied  conformably  in  the  great  mass  of  the 
Eewatin  series.  2.  The  fact  that  the  Eewatin  series  in  the  region  of 
Vermilion  lake  includes  conspicuous  siliceous  and  jaspilitic,  as  well  as 
ferruginous,  layers.  These  are  fully  described  and  illustrated  in  the 
fifteenth  annual  report.  8.  If  the  Ogishke  slates  are  a  part  of  the 
Animike,  they  carry  with  them  the  vast  series  of  slates  on  the  north, 
into  which  they  pass  by  transitions  and  intercalations  which  proclaim 
a  historic  continuity.  But  most  of  these  northern  schists  would  not 
be  claimed  for  the  Animike.  In  fact,  the  northern  porphyrellytes  are 
not  distinguishable  from  the  porphyrellytes  of  Gunflint  lake,  which 
lie  discordantly  beneath  the  Animike.  4.  If  the  Animike  slates 
change,  iu  the  neighborhood  of  Ogishke-muncie  lake,  from  a  gently 
inclined,  to  a  vertical  position,  it  is  inexplicable  that  in  Epsilon  lake, 
two  miles  northwest  of  Ogishke-muncie,  the  Animike  slates  should  be 
found  again  with  an  inclination  in  the  same  direction  as  they  show  at 
every  other  point  in  Minnesota.  5.  Even  if  the  thin  edge  of  the 
Animike  reaches  as  far  as  Gabimichigama,  it  will  be  observed  that  it 
appears  to  lie  in  a  horizontal  position  upon  the  obscure  edges  of  an 
older  series,  which  probably  represents  the  Eewatin.  Its  presence, 
therefore,  would  not  help  to  the  identification  of  the  Ogishke  con- 
glomerate with  the  Animike.  . 

.5.  Eruptive  rocks.  On  this  subject  I  am  not  prepared  to  offer  many 
generalizations.  I  wish  to  exclude  from  this  connection  most  of  the 
granitoid  and  gneissoid  rocks,  as  well  as  the  crystalline  schists,  and 
the  chloritic  and  sericitic  schists.  It  is  very  evident  that  heat  has 
played  a  most  important  part  in  the  geologic  history  of  the  region,  but 
in  conceding  the  enormous  influence  of  thermal  agencies,  I  feel  con- 
strained to  assume  a  somewhat  coiiservative  position. 
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(I)  The  great  gabbro  flood.  I  agree  fally  with  Americaa  geologists 
in  assigning  a  primitive  molten  condition  to  the  sheet  of  gabbro 
which  covers  so  many  hundreds  of  square  miles  in  the  northwest.  But 
its  wide  extent,  considered  as  a  molten  flood,  is  a  fact  which  excites 
amazement.  My  own  observations  have  traced  it  over  an  area  of 
twenty  townships,  or  720  square  miles.  In  the  surveyed  and  platted 
portion  of  Minnesota*  west  of  the  Grand  Portage  Reservation,  it  is 
reported  as  covering  an  area  of  thirty-two  townships,  or  1,152  square 
miles.  There  are  about  seven  townships  more  in  which  the  surface  is 
occupied  by  more  recent  eruptives,  which,  in  all  probability,  overlie 
a  sheet  of  gabbro;  giving  us  a  total  of  thirty-nine  townships,  9r  1,400 
square  miles,  once,  in  the  history  of  the  state,  covered  by  a  glowing 
flood  of  molten  rock. 

The  upper  surface  of  the  gabbro  sheet  lies  at  the  present  time  at 
elevations  very  difi^rent  at  different  points.  While  we  must  conclude 
that  the  surface  over  which  it  poured  had  already  undergone  vast 
erosions  at  the  epoch  of  the  gabbro  outburst,  it  becomes,  to  my  mind, 
more  and  more  probable  that  great  upheavals  of  the  earth's  crust  have 
been  suffered  since  the  epoch  of  the  outburst.  I  incline  to  think  this 
the  explanation  of  the  saw-teeth  configuration  of  the  vertical  section 
from  north  to  south.  There  must  have  been,  then,  an  action  analo* 
gous  to  that  which  produced  the  famous  ''monoclinals  "  in  the  geology 
of  the  plateau  region  of  the  continental  interior.  At  what  epoch 
since  the  gabbro  outflow  the  disturbance  took  place,  I  know  no  means 
of  determining.  It  may  have  been  geologically  late.  In  considering 
the  erosive  retrocession  of  some  of  the  cliffs,  I  have  been  impressed 
with  the  incompleteness  of  the  work  which  has  been  begun,  and  ap- 
parently only  begun.  I  am  prepared  to  believe  that  the  dislocations 
of  the  country  do  not  antedate  the  continental  glaciation. 

In  their  physiognomy,  the  gabbro  masses  present  a  rude  resemblance 
to  basalt.  Though  the  columnar  structure  is  exceedingly  incomplete, 
it  becomes  a  conspicuous  feature  under  the  influence  of  perspective. 
Distance  smooths  and  completes  the  rude  and  ill  defined  figures  which 
rise  like  a  colonnade  from  the  cornices  of  the  lofty  structures  reared 
by  hundreds  of  regular  horizontal  courses  of  stone-work.  From  lake 
to  lake,  from  ridge  to  ridge,  these  mimic  forms  succeed  with  such  uni- 
formity and  impressiveness,  that  even  the  geologist  begins  to  fancy 
himself  wandering  among  the  ruins  of  some  desolated  ancient  city. 

Scarcely  any  other  structure  is  discernible  in  the  gabbro  mass.     At 
times  indications  appear  of  the  existence  of  imbricating  layers  having 
a  gentle  dip,  as  if  the  fluid  rock  had  swept  over  the  country  in  succes- 
45 
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sive  tides.  For  the  greater  part,  the  rock  is  massiye  in  aspect  except 
along  the  faces  of  the  crowning  cliffs.  This  is  particularly  the  case 
with  the  occurrences  along  the  northern  shores  of  the  lakes.  Except, 
when  weathered,  the  gabbro  is  solid  and  tough;  but  in  some  regions, 
as  around  Ima  and  Frazer  iakes,  entire  exposures  lie  in  a  rusted  and 
crumbling  condition.  A  similar  condition  is  seen  in  the  high  clifbat 
the  west  end  of  Looii  lake 

In  texture  the  gabbro  is  characteristically  coarse.  Sometimes  some 
of  the  constituent  minerals  are  half  an  iach  in  diameter.  From  this 
they  graduate  down  to  an  extreme  degree  of  fineness,  so  that  it  be- 
comes impossible  to  decide  macroscopically  whether  the  roek  is  a 
gabbro,  a  noryte,  a  diabase,  or  only  an  altered  condition  of  a  con  tig-  V 
uous  formation. 

No  thorough  examination  has  been  made  by  me  of  its  mineral  con- 
stitution. Macroscopically,  there  is  generally  no  difficulty  in  deter- 
mining the  presence  of  dark  labradorite,  lamellar  augite  and  magne- 
tite. In  some  regions  olivine  is  not  only  conspicuously  present,  but 
forms  a  large  percentage  of  the  mass.  The  most  noteworthy  instance 
of  this  kind  is  in  a  knob  on  the  north  side  of  Pigeon  river,  rock  768-9, 
a  few  miles  west  of  the  Grand  Portage.  In  some  regions,  a  red- 
dish feldspar  is  present,  and  this  often  occurs  in  crystalline  grains, 
giving  the  formation  a  porphyritic  character.  This  condition  prevails 
along  the  north  side  of  Loon  lake.  At  the  western  end  of  this  lake, 
the  reddish  feldspar  weathers  white,  and  the  high  cliffs  present  a  bril- 
liant appearance  in  the  sunlight.  In  this  vicinity  much  of  the  iron 
in  the  gabbro  has  undergone  peroxidation,  and  the  surfal^s  of  cliffs 
have  a  rusted  appearance,  suggesting  the  approach  to  a  mine  of 
hssmatite.  Red  feldspar  in  smaller  grains  is  met  with  along  the  north 
side  of  Animike  bay  of  Gunflint  lake,  and  several  other  points.  j 

Magnetite  is  a  constituent  universally  present.  It  generally  exists 
in  separable  grains  or  crystalline  forms.  Sometimes  however,  it  in- 
creases in  abundance,  and  becomes  a  sort  «pf  cellular,  hard,  black 
groundmass.  Still  again,  it  usurps  almost  completely  the  place  of 
the  other  minerals,  and  the  gabbro  becomes  essentially. a  solid,  black 
mass  of  magnetite.  It  is  seen  in  this  condition  at  one  Or  two  points 
on  the  north  side  of  Iron  or  Mayhew  lake,  and  is  said  to  occur  similarly 
on  Pewabic  and  Tucker  lakes.  This  magnetite,  however,  is  shown 
by  chemical  analysis  to  be  highly  titaniferous.  For  further  particu- 
lars,  the  reader  may  refer  to  §  27. 

There  is  little  probability  that  the  flood  of  gabbro  escaped  through 
a  single  fissure.    At  several  points  it  has  been  seen  forming  dikes. 
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At  Partridge  falls,  on  Pigeon  ri^er,  a  dike  of  gabbro  appears  to  be 
connected  with  the  gabbro  overflow. 

(2)  Diabase,  noryte  and  porphyry.  Proper  eruptive  porphyry  is 
found  ai  several  places.  The  most  extensive  as  well  as  the  most  char- 
acteristic occurrence  observed  by  me  is  found  south  of  the  western 
end  of  Epsilon  lake.  It  appears  first  near  the  point  of  the  lake,  in 
alternation  with  a  noryte-looking  eruptive,  but  is  traced  southward  a 
distance  of  half  a  mile,  where  it  rises  in  a  knob  about  200  feet  above 
the  lake,  which  I  named  Grant's  peak.  It  overlooks  Eekequabic  and 
several  other  lakes,  and  is  a  mile  east  by  north  from  Mailman's  peak. 
The  porphyry  where  first  observed,  has  a  purplish  groundmass,  and 
contains  green  lamellar  crystals.  Near  this,  the  lamellar  crystals  be- 
come fewer,  a;id  the  base  is  replete  with  green  amygdules  which,  far- 
ther on,  constitute  temporarily  most  of  the  formation,  but  still  with 
some  whitish  groundmass.  In  this  vicinity,  flowage  lines  are  very 
apparent.  The  great  mass  forming  the  peak  is  a  purplish  amygdaloidal 
porphyry.  The  porphyritic  eruption  appears  to  exist  in  other  smaller 
knobs  rising  in  the  vicinity. 

Near  the  south  end  of  Moose  lake  (the  one  in  T.  64-9  W)  rises  a  bold 
precipitous  knob  of  erupted  matter,  consisting  of  rather  coarse  crys- 
tals aod  fragments  of  labradorite  and  augite  without  magnetite  or 
olivine.  This  I  have  provisionally  recorded  as  noryte.  The  gabbro 
already  described  in  places  appears  destitute  of  magnetite,  and  seems 
to  approach  the  condition  of  noryte.  It  is  finer  than  the  well  devel- 
oped gabbro,  and  holds  a  place  near  the  bottom  of  the  gabbro  mass. 
For  the  latter  reason  it  might  be  presumed  that  magnetite  is  present 
in  small  quantity,  and  that  the  rock  is  merely  a  variety  of  gabbro. 

The  dikes  of  the  country  are  almost  universally  of  diabase,  if  one 
may  decide  on  macroscopic  inspection.  But  they  present  an  endless 
diversity  of  conditions.  They  are  rather  fine-grained,  and  sometimes 
almost  aphanitic.  Generally  they  occupy  fissures  with  definite  walls. 
The  contiguous  rock  is  ipmetimes  greatly  altered  in  the  usual  way  but 
many  times  the  alteration,  even  in  argillyte,  is  very  slight.  The 
attitude  orf  the  dikes  is  almost  always  nearly  vertical;  but  I  saw  one 
on  the  I Vth  Arm  of  Knife  lake  (rocks  947-62)  dipping  30«  N.  N.  E  I 
have  not  discovered  any  system  in  the  direoiion  of  trend.  Occasion- 
ally, a  dike  has  seemed  to  be  of  a  dioritic  character.  This  I  noticed 
most  particularly  on  some  of  the  islands  in  Burntside  lake  (XV  Rep. 
P  44). 

The  petrographic  investigation  of  the  eruptive  rocks  of  my  field  is 
an  important  work,  mostly  remaining  to  be  done. 
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6.'^Vein  rocks.  Most  of  the  rocks  which  I  am  led  to  class  as  veins 
appear  to  me  to  have  had  a  non-eruptive  origin.  The  majority  of  them 
are  granulitic  in  mineral  nature,  consisting  of  quartz  and  orthoclase. 
Often  one  or  the  other  is  deficient  in  quantity.  Frequent^  a  smaU 
percentage  of  mica  is  present;  and  sometimes  the  vein  consists  of  good 
granite.  Veins  of  this  class  are  apt  to  be  tortuous,  and  some  of  them 
are  surprisingly  so.  They  seldom  exceed  four  inches  in  diameter,  and 
generally  are  less.  They  abound  in  the  vicinity  of  the  passage  of 
gneiss  into  the  crystalline  schists.  They  do  not  maintain  a  uniform 
width  for  any  considerable  distance,  like  the  dik«8,  but  rapidly*  dimin* 
ish  and  disappear.  Unlike  the  dikes  they  exhibit  many  ramifications. 
In  some  cases,  these  are  so  numerous  as  to  give  the  formation  a  reticu- 
lated structure.  Many  veins  are  filled  with  pure  white  quartz.  The 
larger  ones,  which  attain  a  breadth  of  over  two  feet,  pursue  somewhat 
persistent  courses,  but  they  are  not  much  inclined  to  branch.  Some* 
times  quartz  veins  of  slender  diameter  are  seen  intersecting  beds  of 
schist  in  many  directions  in  a  reticulating'  fashion;  and  sometimes  I 
have  traced  a  transition  from  an  earthy  schist  to  a  granulitic  or 
quartzitic  rock  effected  simply  through  the  excessive  abundance  of 
small  interlacing  quartz  veins.     Compare  XY  Rep.,  p.  136. 

Within  my  observations,  veins  of  quartz  carry  few  metallic  com- 
pounds except  pyrites.  In  several  cases,  this  mineral  has  been  ex- 
plored, and  even  mined,  in  the  belief  that  silver  or  gold  would  be 
found  associated;  but  all  such  enterprises  are  now  abandoned.  Active 
work  however,  is  carried  on  in  T.  64-3E.,  upon  a  quartz  vein  said  to 
carry  silver,  and  believed  to  have  been  worked  by  a  prehistoric  race. 
See  further,  §  21  of  this  report. 

§   36. — SYSTEMATIC  RESULTS  OF  THESE  ARCH^AN  PIELD-8TUDIES. 

1.  Horizons  of  geologic  discontinuity.  The  most  recent  formation 
embraced  in  the  field  which  I  have  investigated  is  that  above  desig- 
nated the  Animike  series.  This  beyond  question,  represents  the 
characteristic  portion  of  the  Huronian,  as  defined  by  the  Canadian 
geologists  from  the  typical  region  north  of  lake  Huron.*    With  equal 

*  Undoobtedly,  I  think,  the  CaDadlan  geologists  alto  named  as  Haronian.  rocks  In  other  regloot  of 
Tery  different  character,  and  holding  a  different  position  In  the  general  series.  The  only  circBuutaace 
Jastlfying  the  identtflcation,  apparently,  was  their  soperpoaltlon  on  beds  of  a  crystalline  character.  I 
have  maintained  that  the  beds  normally  sobjacent  to  the  typical  Hnronian  are  simply  deficient,  norlb 
of  lake  Hnron,  bat  make  their  appearance  upon  the  shores  of  lake  Superior,  where  they  were  miatak  • 
enly.parallelized  with  the  Hnronian  of  lake  Huron.  Precisely  the  same  approximation  of  the  Animike 
and  gneiss  exists  at  the  west  end  of  Gunfltnt  lake,  and  contlnnea  westward  along  the  soath  flank  of  ibe 
Giant's  range.  The  phenomena  here  and  in  Canada  are  explained  by  the  supposition  of  a  profrrenKe 
subsidence  of  the  granitic  regions  during  the  deposition  of  the  Animike 
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certainty^  the  Aniinike  does  not  rest  directljion  crystalline  schists  and 
gneisses.  It  rests  on  another,  oider-Iooking  series  of  schists,  standing 
vertically,  and  presenting  an  enormous  uncouformability;  this 
shows  the  occurrence  of  events  in  the  interval  between  the  two  series. 
of  siAh  transforming  and  revolutionary  character  as  are  generally 
held  to  separate  two  geologic  ages  and  two  systems  of  strata.  The 
petrographic  contrasts  of  the  two  series  have  the  same  significance. 
The  economic  products  are  similarly  contrasted.  The  Animike  series 
embraces  great  beds  of  magnetite;  the  older  series,  great  beds  of 
hasmatite  and  limonite.  The  members  of  the  Animike  series  are  all 
conformable  in  stratification,  and  appear  to  belong  to  one  age,  with 
its  varying  conditions  of  sedimentary  accumulation. 

If  the  older  looking  schists  below  are  systemically  detached  from 
the  Animike  by  a  mechanical  break,  they  are  not  less  certainly  de- 
tached from  the  still  older  crystalline  and  foliated  beds  bya  mineralog- 
ical  break  which  expresses  a  profound  change  in  the  conditions  of 
chemical  activity,  and  thus  implies  a  break  in  the   tenor  of  geologic 
history,  which  must  have  been  also  of  a  revolutionary  character.    It 
appears  necessary  to  isolate  the  haematite-bearing  beds  from  the  crys- 
talline schists  as  well  as  from  the  Animike.     Thus  is  a  stratigraphic 
system  disengaged  and  delimited  with  the  distinctness  and  certainty, 
which  we  must  for  convenience  designate   by  a  name.    The  term  Ee- 
watin,  which  I  have  provisionally  employed,  was  not  proposed  in  a 
flense  so  restricted,  but  embraced,  with  newer  strata,  the  entire  series 
of  crystalline  schists.    It  is  probable  that  some  one  of  the  numerous 
names  proposed  by  geologists  for  supposed  divisions  of  Archaean  or 
Eozoic  rocks,  may  prove  to  have  the  same  extension  as  is  here  given 
to  the  system  immediately  subjacent  to  the  Animike  or  Huronian.     It 
is  quite  possible  also,  that  an  older  term  will  be  found,  covering  the 
range  of  strata  embraced  in  the  actual  and  original  Huronian.     In 
this  connection,  I  will  not  attempt  to  decide,  but  employ  provisionally 
the  term  Huronian  now  so  well  understood.   For  the  subjacent  system 
I  will  employ  also  provisionally,  the  term  Marquettian :  but,  if  another 
name  proves  hereafter  to  be  equivalent,  I  hope  the  term  here  suggested 
will  never  be  cited  as  a  synonym ;  for  of  synonyms  the  excess  is  al- 
readv  burdensome.  As  to  the  known  rocks  older  than  the  Marquettian, 
they  are  united  in  one  division  by  their  common  crystalline  character, 
find  by  their  structural  conformity.    That  real  unbedded  granites  and 
syenites  exist  I  have  no  reason  to  doubt,  but  they  are  not  embraced 
in  the  field  here  reported  on.     Even  when  found,  I  should  feel  led  to 
connect  them  in  geological  history  with  the  gneisses,  and  embrace 
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them  in  the  same  system.  For  this  lowest  and  crystalline  system  the 
term  Laurentian  has  been  employed,  and  I  will  here  use  it — also  pro- 
visionally. 

Undoubtedly,  in  the  physical  history  of  the  earth's  crust,  other^nd 
older  terranes  have  existed  and  disappeared — or  perhaps  even  still  ex- 
ist; but  they  are  for  the  present  subjects  of  merely  theoretical  study , 
and  of  course,  have  no  place  in  a  report  on  facts  of  observation. 

2.  Succession  and  subordinatimiof  terranes.  These  views,  presented 
in  their  application  to  Minnesota,  are  summarized  in  the  followin/^ 
table : 

HuKONiAN  System.    (Compare  §2  of  this  report).        Over  4,082  feet, 
Magnetitic  Group.    32  feet. 

Dark,  laminated,  shaly  argillyte,  sometimes  magnetitic,  29  feet. 

Magnetitic  beds,  often  uppermost,  8  feet.  Place  of  sideritic  bed? 

Muscovado,  uppermost  when  the  two  above  are  wanting,  4  feet. 
Siliceous  Group.    50  feet. 

Siliceous  argillytes  aud  siliceous  and  jaspery  schists,  50  feet. 
ArgiUUic  Group.    4,000  feet. 

Dark,  laminated,  shaly  argillytes,  over  4,000  feet  in  Minnesota. 

(Bottom  of  the  system,  not  reached  at  contacts  s€en  with  gneiss 
and  Marquettian). 
Marqubttian  System.  27,500  feet. 

Ogishke  Group.    10,000  feet,  but  local.     (Perhaps  half  this). 

Ogishke  conglomerate,  slaty  and  diabasic.    4,500  feet  each  side  of 
synclinal. 

Ogishke  dolomyte,  included  in  the  conglomerate.     10  feet. 

Conglomerate  greenrock.     500  feet  each  side  of  synclinal. 
Tower  Group.     (Earthy  schists).     15,000  feet. 

Sericitic  and  argillitic  schists,  with  beds  of  haematite,  5,000  feet* 

(These  sometimes  changed  to  chloritic  schists). 

(They  pass  eastward  into  schists  prevailingly  porphyrellitic). 

Stuiitz  conglomerate,  porodyte  and  porphyrel,  20  feet. 
Graywacke  Group.    2,500  feet. 

Graywacke  and  hornfels. 

Gray wacke  with  indications  of  fine  mica  and  hornblende  (''Nas- 
cent mica  schists.*'; 
Laubentian  System.  89,500  feet. 

Vermilion  Group.    Over  1,500  feet. 

Crystalline  schists — micaceous,  hornblendic,  dioritic,  granulitic. 
Gneissic  Group,     Over  88,0(X)  feet. 

Chlorite  gneiss.    (Not  universally  developed). 
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Saganaga,  White  Iron  and  Basswood  gneisses. 


Thus  the  crystalline  schists  and  gneisses  fall  entirely  within  the 
Laurentian  system.  There  are  no  Huronian  gneisses  in  Minnesota. 
We  find  nothing  of  ''older"  and  "newer**  gneisses.  We  find  no 
"  clay-slates  *'  beneath  the  horizon  of  the  crystalline  schists.  But  I 
cannot  deny  the  existence  of  a  different  state  of  things  in  other  regions. 
To  me  it  seems  probable,  however,  that  a  comparatively  undisturbed 
region,  like  northeastern  Minnesota,  must  approach  near  to  a  normal 
exhibit  of  the  real  succession  of  the  Archaean  rocks. 

§  37.      SOME  VIE3J^8   ON  PRIMITIYE  GEOLOGIC  HISTORY. 

In  concluding  my  report  for  1886,  I  recorded  some  statements  indi- 
cating my  tendency,  on  a  provisional  interpretation  of  the  observa- 
tions then  completed,  to  ascribe  a  more  important  agency  to  meta- 
morphism,  in  the  history  of  Archaean  rocks,  than  it  had  been  customary 
for  German  students  of  geognosy  and  petrography  to  admit.  I  have 
now  extended  my  field  studies  of  rocks  of  this  age  over  another  season; 
and  I  confess  I  have  not  discovered  reasons  for  renouncing  the  opin- 
ions heretofore  shadowed  forth.  The  facts  stated  and  illustrated  in 
my  former  report  still  exist;  and  many  more  facts  of  the  same  tenor 
have  been  noted  during  the  season  of  1887.  While  I  cannot  appro- 
priately enlarge,  in  this  place,  upon  the  bearing  of  these'  facts,  I  de- 
sire to  emphasize  the  conviction  that  nearly  all  the  bedded  terranes  of 
northeastern  Minnesota  have  been  once  marine  sediments;  and  have 
reached  their  present  conditions  through  the  action  of  molecular,  and 
to  some  extent,  mechanical  forces,  in  the  presence  of  heat,  water  and 
natural  re-agents. 

As  to  the  eruptive  origin  of  the  haematites  and  associated  jaspilytes, 
the  evidences  of  it  are  so  slender  that  the  doctrine  would  only  excite 
my  wonder,  if  it  were  not  held  by  a  few  geologists  of  good  reputation. 
The  difficulties  of  that  view  are  many,  but  1  must  embrace  another 
occasion  to  set  them  forth.  As  to  the  eruptive  nature  of  certain 
chloritic  and  sericitic  schists,  I  have  already  said  enough  to  give  ex- 
pression to  my  present  dissent.  But  I  wish  to  be  understood  as  hold- 
ing the  question  open  for  further  evidence.  The  gabbros,  norytes, 
diabases  and  dolerytes  I  freely  admit  to  have  reached  the  surface  in  a 
state  probably  molten.  The  crystalling  schists  appear  to  me  to  have 
been  original  sediments  which  have  been  partly  decomposed  and  fixed 
in  new  combinations  while  in  a  semi-plastic  state  occasioned  by  heat 
and  alkaline  waters.     In  the  gneisses,  the  same  class  of  changes  ap- 
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pears  to  me  to  have  been  carried  further.  Even  here,  the  impress  of 
original  stratification  is  retained.  I  have  no  reason  to  doubt,  bow- 
ever,  that  terranes  exist  in  which  these  changes  ha^e  proceeded  so  far 
as  to  obliterate  all  traces  of  original  stratification.  Such  a  result 
would  require  the  attainment  of  a  condition  of  semi-fluidity  such  that 
pressure — of  steam,  gases  or  crustal  movements — would  readily 
squeeze  the  product  into  fissures  through  the  less  softened  strata,  or 
into  spaces  between  them.  Thus  would  result  the  phenomena  of 
granitic  veins  without  the  necessity  of  postulating  a  deep  molten 
8oij[rce  for  any  of  the  older  granites. 

I  repeat  the  conviction  heretofore  expressed,  that  probably  none  of 
our  granites,  viewed  as  changed  sediments,  represent  the  oldest  sedi- 
mentation on  the  globe.  It  is  puerile  to  imagine  that  the  history  of 
the  world  has  not  been  long  enough,  and  its  early  epochs  revolutionary 
enough  to  have  transformed  and  blotted  from  recognition  the  earliest 
deposits  of  the  ocean.  More  puerile  is  the  fancy  that  in  the  wide- 
spread areas  of  granite  and  gneiss  nature  has  preserved  patches  of  the 
original  fire-formed  crust  of  the  planet.  Equally  inadequate,  it  seems 
to  me,  is  the  opinion  that  these  granitic  patches  are  cooled  outbursts 
from  a  molten  interior,  through  a  crust  either  sedimentary  or  igneous 
in  origin.  Such  views  belong  to  the  infancy  of  the  science,  and  sur- 
vive only  in  conservative  minds  A  present  crystalline  condition  is  a 
fact  which  bears  on  the  mineralogical  relations  of  a  rock,  but  of  itself 
sheds  no  light  on  rock-histories.  It  testifies  to  a  present  fact,  not  to 
a  past  genesis.  Of  the  latter  a  wider  range  of  evidence  must  speak. 
The  revelations  of  the  polarized  ray  are  almost  a  work  of  magic,  bat 
there  is  danger  of  over-estimating  their  significance.  Petrofl;raphic 
studies  possess  too  much  interest  and  value  to  be  weighted  with  the 
responsibility  of  sanctioning  theories  of  general  geogony  which  de- 
mand the  widest  possible  range  of  investigation,  under  the  guidance 
of  broad  and  many-sided  intelligence. 

Mem, — In  connection  with  the  conglomerate  at  Wonder  island,  in  the  Saganaga 
gneiss,  see  descriptionB  of  the  Obermittweida  conglomerate  de8cril)ed  by  various 
authors,  especially  by  Professors  Hughes  acd  Bonney  in  Quarterly  Journal  of  tfu 
Oeologieal  Society  for  Feb.  1,  1888,  pp.  20-31,  and  the  further  citations  there  given. 
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CATALOGUE  OF  HOCKS  WITH  CORRESPONDING  LOCALI. 
TIBS. 


[Loealltiei  are  fiven  moie  precisely  in  the  report.] 
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150 

151 

1516 
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Sericitic  schist,  yellowish 

Sericitic  schist,  blue  

Sericitic  chlorltic  schist 

Chloritic  schist 

Petrosilex 

Wackenitic  chlorite  schist 

Augite  (chiefly) 

Biotite  granite 

Hydromica  granite 

Noryte 

(Granite 

Interbedded  granite  and  dioryte.  ...< 

Bedded  dioryte   

Micaceous  hornblende  schist 

DiallageT 

Granite  with  green  feldspar 

Mixture  of  biotite  and  augite 

Diallagic  biotite  schist 

Biotite  hornblende  schist 

Dioryte 

Musses  of  hornblende    

Mic.  sch.  and  granulyte  interbedded. 

Dioryte  schist 

Large  crystals  of  orthoclase .....  . . 

Coarse  Muscovite  gneiss 

Compact  sericitic  schist 

Sericitic  chloritic  argillyte   

Siliceous  sericitic  argillyte 

Dolery  te 

Amygdaloid. 


Porphyritic  ffranulyte. 

Pine  mica  schist 

Hornblende  schist 

Syenite— two  varieties 

Oraywackenitic  mica  schist 

Mica  sch.  passing  to  gneiss  

Mica  sch.  w.  colored  bands.  •• 

Syenite 

Syenite  w.  crystallized  hornbl.  (see  cor- 
rections and  additions) 

Syenite 

Hornblende  «ohi»t 

Transition  from  syenite  to  schists 

Argillyte 

Ar^llitic  sericitic  schist 

Sericitic  argillyte 

Argillitic  sericitic  schist 

Gray wacke  schist 

Chloritic  sericitic  schist 

Diabase  from  dike 

Ser.  sch.  from  contact  w.  dike 

Sericitic  slate 

Oiabase 

Argillyte 

Chloritic  sericitic  schist 
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56 
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BRIEF  DESCRIPTION. 


203   Porphjritio  diabase. 

203^  Diabase. 

2(t4 

20) 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 


Syenite 

Syenite 

Syenite  w.  greenish  hornbl 

Fine  compawt  gneiss 

Fine  compact  gneiss 

Interbedded  gneiss  and  hornbl.  sch 

GraywHCkenitic  mica  sch 

Graywackenitic  mica  sch , 

Mica  schist 

Syenite 

Gneiss 

Very  coarse  syenite. 
Graywackenitic  chlor.  sch. 
Mica  schist,  very  fine. 


218  Dioryte  schist 

219  Gneiss. 
2^  Svenitic  hornblendic  schist 

221  F^elsitic  schist 

222  Sericilic  schist. 

223  Sericitic  schist 

224  Compact  argil  litic  schist 

225  Thin,  laminated  argil lyte 

226  Argillitic  sericitic  schist  

227  Argillitic  sericitic  schist 

228  Sericitic  schist 

229  Felsitic  schist  (poroditicY) 

230  Sericitic  felsitic  schist 

231  Chloritic  sericitic  schist 

232  Schist  in  contact  with  dike 

233  Dioryte  in  the  above  schist  

234  Syenite  in  schi&t  565 

235  Chloritic  sericitic  schist 

236  Relation  of  quartz  and  schist 

237  Chloritic  sericitic  schist  w.  q .  grains. 

238  Argillyte  and  quartz 

239  'Sericitic  argillyte 

240  'Argillyte 

241  i Sericitic  sch.  and  lamina  of  q 

242  I  i'licated  sch.  w.  q.  laminae 

243  Itser.  sch,  w.  q.  and  fels.  grains 

244  i Argillyte  w.  q.  grains 

245  [Felsitic  argillyte 

246  |Gravelly  sericitic  schist 

247  I  Diabase  from  dike  

248  iQuartz  and  black  argillyte 

249  Diabase  from  dike 

250  lArgillyte,  fine,  dark 

251  !  Dike  material  (peculiar) 

252  Chlorite  rock... 

253  AphanUic,  siliceous  sericit.  sch 

254  Aphanitic  sericitic,  schist 

256  iSericitic  schist 
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Newton  lake 
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2.')6  Sericitic  sch.  w.  shining  scales 

257  >f  ascent  mica  schist 

258  Syenitic  gneiss 

259  Syenitic  gneiss 

260  Qraywacke  schist 

261  Magma  of  gneiss 

262  Kock  261  in  contact  w.  gneiss 

263  M  icaceous  hornblende  schist 

264  Micaceous  hornblende  schist 

265  Uralitic  syenite 

266  Chlorite  granite 

267  Menaccanitic  hornblende  sch  

268  Chlorite  schist  

269  Chlorite  gneiss 

270  Syenite  gneiss  with  chlorite 

271  Chlorite  schist 

272  Chloro-syenitic  gneiss 

273  Mica-hornblende  schist 

274  Gravelly  chlorite  rock 

275  Mica  schist 

276  Dioryte.  (also  rock  524,  Hep.  1887,  p.  196) 

277  Menaccaniti<^chist 

278  Muscovite  granite  (silvery  m.) 

279  Dioryte  (lamellar  hornbl.) 

280  Dioryte  schist 

281  Dioryte  schist 

282  Biotite  schist 

283  Biotite  gneiss 

284  Decaying  gneiss 

285  Biotite  gneiss 

286  Red  biotite  gneiss 

287  Biotite  gneiss 

288  !  Biotite  muscovite  schist 

289  !  Distinctly  bedded  gneiss 

290  Quartz,  feldspar  and  mica 

291  .Muscovite  chlorite  gneiss  

292  Chloritic  sericitic  schist 

293  j  Diabase  from  dike 

294  Chloritic  sericitic  schist 

295  Noryte 

296  Transitional  doubtful  rock   

297  iTransitional  rock 

298  IGabbro,  fine   

299  i  Fine-grained  gabbro  

300  ;  Formative  gabbro     

301  Gabbro 

302  Chloritic  gneiss 

303  Compact  chloritic  gneiss 

304  Compact  chloritic  gneiss  ^. 

305  Chloritic  porphyrel 

306  Argillitic  slHte 

307  iConglomerate 

308  Porphyritic  diabase  schist 

309  Porphyritic  diabase 

310  Dark  siliceous  slate 
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BRIEF  DESCRIPTION. 


HlHte-colored  state,  softer 
Uike-rock  urosB  alate. . 
Pine,  hard,  bluish  slate 

AiSlllyle 

Porpbyrel 

Porphyry 

Diabase? 

CoDKlomeTBte 

Porphyritic  conelomerate 

Uiabasic  groundiniiss  ot  congL 

Slaty,  micaceous  argillyte 

Slate  and  graoular  rock 

aialo  with  pebbles   , 

Oonglomeraleill  defined  ....      

Blacl:  BlDceous  argillyle  (see  corrections 

and  additions}  

Diabasic  grouudmass 

Slate  aod  groundmaas 

Qreen,  diabasic  groundmasa, 

Dinbasic  groundmass 

SericiUc   schist 

Sencitlc  chlorilic  schist 

Sencltic.  1st  gradation 

Sericitic,  3d  gradation 

SerJcitic,  3d  gradation 

Porphyritic  schist 

'"Oreen  roch"  

iQreen  rock,  from  summit... 


2  Greeastone  congfoi 

3  Porphyry  pebble 

4  Porphyritic  matrix 

5  Gravelly  matrl* 

S  Qreenstone  (like  342)  columnar.. 

7  Erupted  rock 

B  Klinty  slate 

9  Qray  wicke-like 

0  MuKCOVado-cabbroI 

1  UraywRcke-lTke 

S  Massive  gray  wacke 

3  Mlcacuous  gabbrolylet 

*  Uabbro 

5  aabhro 

8  Qabbrolyto  

7  Band  of  Iron-lmrlDK  rock 

B  :lideritlct  ro*;k 

B  Purpbyrel 

0  Porphyrrl , 

1  Porpbyrel       

2  Porphyrnl     ...    , 

34lDik<.fW'|, ,,,,, 
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Ogiahke  Huncle  lake  38 


Qabimlchigama  lake 
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REGION. 
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Chlorite  schist 

Porphyrel. .  !.•••• 

Qreen  rock 

Chloritic  conglomerate 

Oreen,  conglomeritic  sch. . . . 
Oreen,  conglomeritic  sch . . . 
Fine,  reddish,  granulitic  sch. 

Granulitic  schist 

Gabbroloid  rock 

Gabbroloid  

Gneissic  rock 

Chloritic  gneiss 

Subgranuiar  felsyte 

Felsitic  schist 

Porphyritic  gneiss  

Green.rock  and  granulitic. . 

Chlorite  gneiss 

Porphyrel 

Porphyrel 
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REGION. 


Fine  red  quartzyte  (Port  Pinley) 

Diabase  

iJiabase 

Diabase 

Quartz  from  copper  vein 

Limestone 

Diabase  slate,  tine  

Same  with  chloritic  lustre 

Diabase,  average  condition 

Diabase  slate,  chloritic,  etc  

Quasi-amygdaloid 

Diabasic  slate  w.  amygdules    . . 

Grav  quartzyte 

Dark  gray  quartzyte. .. . 

Slate  in  quartzyte  ..>^ 

Diabase  in  dike 

Red  quartzyte 

Diabase  

Quartzyte 

Diabase 

Diabase  

Quartzyte 

Quartzyte,  greenish,  fine 

Quartzyte,  red,  conglomeritic  . . 

Diabase 

Quartzyte,  red 

Yellowish,  cherty  limestone.    . . 
nnklsh,  cherty  limestone 
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Port  Finley,  Canada. 
Bruce  mines,  Canada. 


II 
II 
1 1 


II 


Thessalon,  Canada. 
1 1 


1 1 
II 

I  ( 

I I 


\\i  mileN.W.fromThessalon 

[Can. 


<  I 
1 1 
II 
I  ( 


[Can. 

2^milesN.  W.from  Thessalon 
3  miles  N  W.  from  Thessalon 
5>t^milesN.W.from  Thessalon 

[Can. 


»i 


2  miles  N.  from  Thessalon. 
%  mile  from  Ansonia,  Can. 


1 1 


Near  Ansonia.  Can. 
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411 
412 
413 
414 
416 
416 
417 
418 
419 
420 
421 
422 
423 
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425 
436 
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428 
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446 
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447 
448 
449 
460 
451 
462 


BRIEF  DESCRIPTION. 


Brecciated  diabase 

Slaty  diabase 

Diabase 

Red  quartzTte 

Diabase,  pale  green  feldspar 

Diabase,  pink  feldspar 

Diabase,  lamellar  augile 

Siliceous  slate 

Felsyte-like,  red  feldspar 

Same,  becoming  dioritic 

Same,  completely  dioritic 

Cbloritic  shale  f^.  joint 

Chloritic  mass 

Quartzyte,  gray  and  red 

Red  petrosilex 

Diabase 

Flint 

Diabase 

Feldspar. 

Rock  of 

Same,  more  slaty 

Felsy  te  slate 

Diabase  slate. . • 

Flinty  felsyte 

Peldspathic  slate 

Qranulyte  from  a  pebble 

Noryte 

Cheny  limestone : .  . , 

Cherty  limestone  (organ icT) 

Noryte 

Animike  slate , 

Felsyte  becoming  granulyte.   . . . 

Noryte 

Slate  inclosing  pebble 

Haematite  in  quartzyte 

Fissile  slate 

Pale  pink  quartzyte 

Diabase,  light  blue.     

Cherty  limestone,  pale  pinkish . . 

Cherty  limestone  coarser 

Diabase  slate  embraced  in  above. 
Yellowish  cherty  limestone 
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00 


REGION. 
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Felsitic  argil lyte 

Banded  jaspllo-bffimatitfc. . 
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9    Siliceous  argiltyte 
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1  From  a  bowlder 
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Cherty  concretions  (Batrachoides) 

Magnetite  at  surface     

Quartzose  muscovado 

Bluish,  muscovado-like 

flsematite  

Gneiss  under  hsBmatite 

Ancient  soil  between  the  two 

Qaartz 

Samples  of  the  formation 

Samples  8  rods  north 

Sample  from 

Weathered  surface 

Rounded  included  mass 

With  reddish- weathering  fels 

Viriditic  syenite 

Quartziferous  granular  felsyte 

Felsi-chlorite  argilly te 

Argillo-micaceous  schist • 

Porphyrelloid  graywacke 

Felsyte  schist 

Felsyte  schist 

Diabase  from  dike •  •  • 

Chlorite  granulyte 

Greenstone 

Diabase • 

Greenstone  w.  much  feldspar 

Greenstone  of  fine  texture 

Greenstone  coarser 

Sericitic  felsyte  schist 

Like  8556  but  harder 

Sericitic  or  chloritic  felsyte 

Sericitic  felsyte  (schist  ?) 

Chloritic  felsyte 

Porphyrelloid  chlorite-felsyte 

Aphanitic  diabase 

Diabase,  same  dike 

Sericitic  schist 

Sericitic  echist 

Sericitic  chlorite  felsyte 

Argil lo-felsi tic  schist 

Rock  8  rods  farther  along  shore 

Chloritic  sericitic  schist 

Obscure  conglomerate  

Compact  chloritic  argilly  te 

Chlorite  syenite  pebble 

Sericitic  schist 

Sericitic  schist 

Compact  argillitic  rock 

Like  874  but  w.  purplish  tints 

Greenstone-like 

Greenstone  passing  to  chlor.  sch  

Greenstone  30  ft.  fr.  877 

Greenstone 

SerlciUc  argilly  te 

Diabasic  conglomerate 
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Chlorilic  argillyte 

Hericttlc  achiat 

Chloritlc  serlcitic  achlst 

tacipient  porphml 

Red  Juper  and  ncemailte 

Porphyrltic  conglomerate 

Sericiilc  grit 

Sericltic  grit 

Quartz  grit ... 

Sericitio  BChlBt 

Brecciated  dolomyte 

Sericitic  argil]  itic  dolomite 

Silico-argilTaceotu  slate 

Folaitlc  grit 

Qrltty  argillyte, 

Uiabase  conglomerate 

Serici to- argillaceous  Blate 

Argil lo-felaitlc  groundmasa 

spheroidal  concretioaa 
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BRIBP  DESCEUPTION. 


937  '■  Pulpit  rock"  noryto 

938  Gro;  felslUc  lUte 

939  InterUmiaated  argUlyie 

940  Onj  fchitlcrock 

941  Bsnded  argillyte 

942  Stuntz  conglomerate 

943  81UceousftrgJlly(e{A.DlmikeT).. 

944  Stuntz  conglomeraM   

945  Diabase  from  dike 

9456Porphrel  with  fragmenlB 

946  Argilljte  (ADlraike!) 

947  Diabaee  from  dike 

94S  hlate  in  conUct 

949  Qeneral  character  of  slate 

950  Coarae  material  interbeddod.    . 

951  mne,  hard,  diabase-loofcioK.  ■  ■  • 
902  Coogloraeritic  orbrecciated.... 
"•"   Chlorite  argillyte 

PorpUyrellyte 

'   Hlaty  poTpnyrelljts 

'   Hiliceous  porpbyreiljte 

Porphrreliyte f. .. 

i    ConKloroenlic  porphyrel 


jrpliyreliyte 
(bbro  with  n 


Qsbbro  with  maKnetite. . 


COD  tact 

Qabbro   

Qray  aeml-crvatalliDe  alate 

Average  xabbro 

Qabbro  alate   

Olirlnitlc  gabbro 

Qreenatoae 

Hagnetitic  gabbrO 

Qabbro  w.  white  feldaptr 

Qabbro  from  N.  bluff 

Qabbro  w.  much  olirlne 

Siticeoua  achiat 

Qabbro  

Argillyte  becoming  mica  acliiat.. 

Kawaaachong  argillyte 

Porpbyrel 

Hicaceoua  green  rock 

Sericitic  tcbiat 

Quartzi  tic  areillyte. 

Hagnetitic  diiceooB  slalfi  

Banded  qqartzyte 

Hica  ach  and  magnetit.  qoarlz   . 

H lea  and  chl critic  achiat 

Hornblende  acb.  w.  aboTO 

Porphyrellitlc  achiat 

Hlcacecua  Bchlst 

Cmmbliog  aerlcltlc  acb 

nna  banded  qnartzyte 

Qrapblte,  near  Tower 


I   Vermilion  mloea  near  Tower 
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Lakib  Sdperiob. 

!•    Grand  Portage. 

8  miles.    XVI  Report,  p.  291. 

Pigeon  Riysr. 

2.    Partridge  Portage. 

.25  mile.     XVI  Report,  p.  289.- 

PiOEON  River. 

3*    English  Portage. 

.33  mile.    XVI  Report,  p.  289. 

PioBON  River; 

4.    Portage. 

.6  mile.    XVI  Report,  p.  288. 

Pigeon  River. 
*      5*    Long  Portage. 

•    1.5  miles.    XVI  Report,  p.  387. 

Sourn  Fowl  Lake. 

(No  portage.) 

North  Fowl  Lake. 
6*    Portage. 

.75  mile.    XVI  Report,  p.  282. 

MooBB  Lake. 

7.    Portage. 

.66  mile.    XVI  Report,  p.  281. 


Pigeon  River. 

8.    Portage. 

.25  mile.    XVI  Report,  p.  281.     "^5  i 


£•2 


Pigeon  River. 

9«    Portage. 

.25  mile.    XVI  Report,  p.  281. 

Mountain  Lake. 

lO.    Divide  Portage. 

.33  mile.    XVI  Report,  p.  281. 

RovB  Lake.— East  part. 

(No  portage.) 

Rove  LAKE.—West  part. 
!!•    Portage. 

1.5  miles.    XVI  Report,  p.  276. 

Rose  Lake. 

12.    Rat  Portage. 

.25  mile.    XVI  Report,  p.  274. 


SouUi  Fowl  Lake  (Treaty). 

Lae  de  Cog  (Norwood). 

ybrth  Fowl  Lake  (Treaty). 
Lae  de  Oaq  (Norwood). 


Lower  Lily  Lake  (Norwood). 


Ujpper  Lily  Lake  (Norwood). 


ffiU  Lake  (Norwood). 


Watab  Lake  (Norwood). 


^* Several  amall  pondt  eanneded 
by  narrofM*'  (Norwood). 

Mud  Lake  (Norwood  and  N. 
U.  Winchell). 
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Rat  Lakb. 

13.  Portage. 

.25  mile.    XVI  Report,  p.  274 

South  Lake. 

14.  Watershed  Portage. 

.33  mile.    XVI  Report,  p.  272. 

North  Lakb. 

(No  portage  -rapids  ) 

XVI  Report,  p.  270. 

GUNFLINT  I^KB. 

15.  GuDflint  Falls  Portage. 

.10  mile.    XVI  Report,  p.  333. 

BoDNDART  River. 

16.  Blueberry  Portage. 

.13  mile.    XVI  Report,  p.  232. 

Boundary  Rivbr. 

1 7  •    Lost  River  Portage . 

.6  mile.    XVI  Report,  p.  230. 

Pine  Lake. 

18.  Twin  Bay  Portage. 

.25  mile.    XVI  Report,  p.  239. 

Basin  Lake. 

19.  Portage. 

.25  mile.    XVI  Report,  p.  228. 

Boundary  Riybr. 

(No  portoge— 3  rapids— chutes.) 

Granitb  Lakb. 

20.  Upper  Granite  Falls  Portage. 

.12  mile.    XVI  Report,  p.  337. 

Boundary  Riybr. 

2 1  •    Granite  Falls  Portage. 

.10  mile.    XVI  Report,  p.  227. 

Baganaga  Lakb. 

22.  Oak  Portage. 

.10  mile.    XVI  Report,  p.  311. 

Oak  Lakb. 

23.  Portage. 

.25  mile.    XVI  Report,  p.  211. 

Otter-Track  Lake. 

24.  Little  Knife  Portoge. 

.10  mile.    XVI  Report,  p.  308. 


12th  portage  (Norwood). 


AihawitnngcUon  (Norwood). 
13th  portage  (Norwood). 

Mountain  Lake  (Norwood). 

FUtU  Lake  (Norwood). 


Banks*  Pine  L.  (N.  H.  W.) 


Stiigaganaga  (Treaty). 
Seiganaga  (Bell). 


Swamp  L.  (Treaty). 
Poplar  L.  (Bell). 


CyprmL  (Treaty). 
OUerL.  (Bell). 
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Ekife  Laeb. 

25.  Portage. 
.3  mile. 

XV  Rep  ,  p.  144. 

Potato  Lake. 

26.  Portage. 
.3  mile. 

XVRep.  p.  144. 

Bbbd  Lakb. 

27.  Portage. 
.25  mile. 

XV  Rep,  p.  144. 

Mblon  Lake. 

28.  Portage. 
.10  mile. 

XV  Rep.,  p.  144. 


Pbbudohessbr  Lakb. 
29.    Portage. 

.25  mile. 


Big  Knife  Portage. 
.75  mile. 
XVI  Rep.,  p.  196. 

Maple  Leaf  Lake. 
Portage. 

.10  milfe. 
XVI  Rep.,  p.  196. 


XV  Report,  p.  142. 


SucKBR  Lake. 


(No  portage.) 


XV  Report,  p.  141. 


Carp  Lake. 

30.  Prairie  Portage. 

.16  mile.    XV  Report,  p.  120. 

Basswood  (or  Baasimenan)  Lake. 

31.  (No.  1  rapids).  Portage. 

.10  mile.    XV  Report,  p.  111. 

BouKDART  River. 

32.  (No.  2  rapids),  Portage. 

.25  mile.    XV  Report,  p.  112. 

Boundary  River. 

83.  (No.  3  rapids),  Portage  or  chute. 

.10  mile.    XV  Report,  p.  112, 

Bouin>ART  RrvBB. 

84.  (No.  4  rapids),  Portage. 

.25  mile.    XV  Report,  p.  112. 

BOUNDART  RrVER. 

35.    (No.  5  rapids).  Portage. 

.10  mile.    XV  Report,  p.  113. 


Sucker  or  Oarp  (N.  H.  W.)  . 
Oarp  or  Sucker  Pcriage  (Bell). 

Bireh  Lake  (Bell). 


Lae  du  Bait  Blane  (Treaty). 
WhiteuHfod  L,  (Bell). 
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BOITNDART  RlVBH. 

36.  (No.  6  rapids),  Portage. 

.35  mile.    XV  Report,  p.  114. 

BOUNDABT  RnrxB. 

37.  (No,  7  rapids),  Portage. 

.16  mile.    XY  Report,  p.  114. 

Boundary  Riybb. 

38.  (No.  8  rapids),  Portage. 

Crooked  Lake. 

89.    (No.  9  rapids),  Portage. 

.16  mile.    XV  Report,  p.  118. 

Irok  Lake. 
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REPORT    OF    OBSERVATIONS    MADE    DURING    THE 

SUMMER  OF  1887. 

BV   IIOUACK    V.    WlNCHKLL. 


Region  traversed.  During  the  monfchs  of  July  and  August,  an  ex- 
ploration covering  a  wide  extent  of  territory  was  carried  on.  The 
writer,  together  with  Mr.  H.  W.  Fairbanks,  of  the  University  of 
Michigan,  Mr.  W,  F.  Trussell,  of  the  University  of  Minnesota,  and 
two  Indian  canoe-men,  started  from  Tower,  on  Vermilion  lake,  with 
two  birch-bark  canoes  and  the  necessary  equipment  for  such  a  trip. 
The  route,  as  here  described,  can  be  traced  on  the  accompanying  map. 

The  Little  Fork  river  was  reached  by  a  four  and  a  half  mile  portage 
from  Vermilion  lake.  Eight  days  were  spent  in  descending  that 
stream  to  Rainy  Lake  river.  No  settlers  were  seen  and  not  a  travel- 
ler whether  Indian  or  white  man  in  that  space  of  time. 

We  then  ascended  this  large  river,  which  forms  the  boundary  line 
between  the  United  States  and  Canada,  as  far  as  Fort  Francis,  which 
is  situated  at  Chaudiere  falls  at  the  west  end  of  Rainy  lake.  Our 
course  for  the  next  two  weeks  was  along  the  south  shore  of  Rainy  lake 
through  Black  bay  and  into  Namekan  or  Sturgeon  lake  by  a  portage  of 
three-quarters  of  a  mile;  through  Namekan  lake  to  the  east  end,  and 
south  to  Sand  Points  lake,  through  which  Vermilion  river  runs  before 
reaching  Namekan  and  Rainy  lakes,  then  north-west  into  Rainy  lake 
again  and  back  to  Fort  Francis  along  the  south  shore  of  the  lake.  It 
may  be  remarked  that  the  water  in  all  of  the  lakes  and  streams  trav- 
ersed  during  July  and  the  first  half  of  August  was  unusually  high.  It 
rained  almost  every  day  and  sometime/i  continuously  for  a  period  of  24 
hours  while  we  were  there.  The  Indians  and  white  settlers  along 
Rainy  lake  and  Rainy  Lake  river  said  that  it  had  been  many  years 
since  they  had  known  the  water  to  be  so  high.  This  was  unfortunate 
for  geological  investigation ;  as  the  outcrops  were  fewer  and  the  ex- 
posure far  less  extensive  than  at  times  of  low  water. 

From  Fort  Francis,  Rainy  Lake  river  was  descended  to  the  Big  Fork 
river.     Ascending  this  rapid  stream  by  dint  of  hard  paddling,  poling 
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and  portaging,  about  150  miles  south  and  southwest,  a  portage  of 
three-quarters  of  a  mile  took  us  across  the  divide  between  waters  flow- 
ing north  and  south.  This  portage  leads  from  Bound  lake  into  a 
small  lake  just  south  of  it  which  is  tributary  to  lake  Winibigosbish 
and  the  Mississippi  river.  We  next  went  down  the  Mississippi  to 
Prairie  river,  making  a  stop  at  Pokegama  lake  to  examine  the  hills  at 
the  south  end,  then  up  Prairie  river  and  into  the  country  which  it 
drains,  and  finally  down  the  Mississippi  to  Aikin  on  the  Northern  Pa- 
cific railroad.  The  month  of  September  was  spent  in  examining 
Elbow,  Pelican,  Net  and  Trout  lakes.  In  this  work  the  party  con- 
sisted of  W.  F.  Trussell,  Frank  Sopher  a  man  who  was  acquainted 
with  the  region,  and  the  writer.  Some  time  was  lost  on  account  of 
high  winds  which  rendered  it  impracticable  to  travel  in  a  canoe. 

Naturally  the  character  of  the  country  varies  greatly  in  different 
regions.  In  the  vicinity  of  Rainy,  Namekan,  Net,  Pelican  and  Trout 
lakes  it  is  very  rocky,  and  all  around  the  shores  are  numerous  rock 
exposures;  while  west  of  these  lakes  the  surface  of  the  country  con- 
sists of  drift  deposits  and  the  underlying  rock  appears  only  at  rapids 
or  waterfalls  in  tbe  streams  and  a  few  places  in  the  midst  of  the  for- 
est. A  large  area  of  the  land  traversed  by  the  Big  Fork  and  Little 
Fork  rivers  is  within  the  limits  of  the  glacial  lake  Agassiz.  This  re- 
gion is  now  covered  with  a  fine  growth  of  timber,  both  hard  and  soft 
wood,  and  is  excellent  farming  land.  ^  It  is  slightly  rolling  or  else  flat 
and  well  watered  by  these  large  rivers  and  their  numerous  tributaries. 
Much  of  the  pine  that  stood  within  a  few  years  along  these  streams 
has  been  stolen  and  floated  down  to  Lake  of  the  Woods.  This  unlaw- 
ful destruction  of  some  of  the  finest  of  our  Minnesota  pine  seems  to  be 
carried  on  every  winter,  as  many  of  the  logs  freshly  cut  still  lie 
around. 

The  following  report  is  merely  a  transcription  and  rearrangement  of 
the  notes  taken  on  the  trip  and  follows  very  nearly  the  order  of  the 
journey.  No  attempt  has  been  made  to  study  the  specimens  collected. 
It  will  be  a  subject  for  future  investigation  to  inquire  into  the  litho- 
logical  characters  and  relations  of  these  rocks. 

LITTLE  FORK  RIVBR. 

No  exposures  of  solid  rock  are  seen  on  the  four  and  a  half  mile 
portage  which  starts  from  Vermilion  lake  in  sec.  21, 63-18  and  leads  to 
the  Little  Fork.  The  portage  crosses  two  large  swamps  and  several 
small  ones. 
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Some  large  irregular  masses  of  biotite  mica-schist  give  indication 
of  the  underlying  rock.  These  chunks  are  cut  by  granite  and  syenite 
intrusions.     Beds  of  drift  gravel  and  sand  are  seen. 

When  the  Little  Fork  is  reached  the  character  of  the  country  is 
found  to  have  undergone  a  marked  change.  There  is  more  soil,  clay 
and  till,  and  consequently  a  larger  and  more  luxuriant  growth  of 
forest-trees  and  shrubs. 

The  portage  trail  runs  west  for  ab6ut  a  mile  and  then  S.  W.  or  S. 
S.  W.  The  trees  are  poplar,  pine,  birch,  elm,  balm  of  6ilead,  willow, 
spruce  and  tamarack.  The  country  is  low  and  not  hilly.  The  Indian 
chief  **Wakemaup"  reports  native  copper  in  the  rock  at  the  falls 
twenty  miles  below  here;  he  says  he  has  cut  it  with  his  knife. 

Descending  the  river  in  a  general  north-west  direction  the  first  rock 
is  met  with  at  about  two  miles.  This  is  a  low  outcrop  of  massive 
diory te.  The  outcrop  is  on  the  north  side  of  the  river  and  is  seen  for 
an  extent  of  several  rods,  No.  76  (H). 

There  are  occasional  granite  boulders  in  the  river.  The  course  of 
the  stream  is  west  for  several  miles. 

About  three  miles  below  is  Rapid  No.  1.*  The  river  falls  about  two 
feet  in  ten  rods  or  less.  .  Near  the  river  the  rock  is  a  siliceous  mica 
schist  containing  calcite  and  a  varying  amount  of  feldspar.  On  the 
ridge  south  of  the  river  the  schist  becomes  a  fine  biotite  granite  and 
contains  veins  and  lumps  of  muscovite  granite.  It  also  effervesces 
with  acid,  and  contains  considerable  pyrites.  The  exposure  is  not 
sufficient  to  determine  the  strike  or  dip.  Nos.  76  (H),  76  A  (H)  76  B 
(H).  This  schist  seems  to  be  uplifted  by  a  moderately  coarse,  dark, 
tough  massive  rock  somewhat  like  75  (H)  but  coarser  and  containing 
magnetite  (  ?).  It  has  come  up  through  the  schist  in  places  and  forms 
a  ridge  running  nearly  north  and  south  across  the  river.    No.  77  (H). 

About  four  miles  below  this  rapid  another  short  rapid  is  encounter- 
ed. It  is  about  60  feet  long  and  the  river  falls  about  a  foot.  This  is 
Rapid  No.  3.  It  is  over  mica  schist  or  hydro-mica  schist.  Dip  S,  70^, 
Strike  and  schistosity  N.  80^  E.  The  exposure  rises  only  three  or 
four  feet  above  the  water  and  extends  but  a  few  feet.  It  is  coarsely 
fissile.  A  few  large  granite  boulders  lie  about.  White  or  bur  oak, 
basswood,  elm  and  ash  trees  appear  among  the  other  forest  trees  here. 
No.  78  (H). 

About  three-fourths  of  a  mile  below  Rapid  No.  2,  Rice  river  joins 


•  Tbe  water  wm  m  high  in  thii  rtTer  In  1688  that  an  Indian  tald  It  was  **  all  om  rapid/*  ander 
which  circomstanoet  the  rapids  here  cnomerated  would  he  Indlstlngaishahle. 
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the  Little  Fork;  and  a  short  distance  below  the  conflaence  is  a  fall  of 
about  three  and  one-half  feet  and  a  rapid  fall  of  a  foot  or  two  more. 
Rapid  No.  3.  This  fall  is  over  mica  schist:  some  of  it  is  very  hard 
and]  siliceous,  some  soft,  micaceous  and  fissile.  There  are  beds  of 
quartzyte  and  veins  or  beds  of  quartz  in  it.  Dip.  S.  60° — 70°.  Glacial 
striae  N.  20°E.  strike  east  and  west.  The  rock  rises  eight  or  ten  feet 
above  the  water  at  the  falls.  The  gorge  is  40 — 50  feet  wide  and  af- 
fords a  good  place  for  a  dam. 

In  some  places  the  beds  of  schist  and  quartzyte  are  much  mixed  up 
and  cross  and  cut  each  other  in  all  directions.     No.  79  (H). 
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Fig.  1. — Rapid  No,  3,  Little  Fork  river. 

About  a  quarter  of  a  mile  below  the  last  is  Rapid  No.  4.  It  is  a 
short  rapid  over  boulders  of  granite. 

A  mile  farther  down  is  Rapid  No.  5,  about  a  quarter  of  a  mile  long. 
It  produces  a  fall  of  six  or  eight  feet  in  the  river.  There  are  a  great 
many  boulders  of  all  sizes  in  the  river  and  along  the  banks;  no  lime- 
stone boulders  are  to  be  seen  as  yet. 

The  rock  is  typical  mica  schist  containing  much  fine  biotite.  There 
are  inclusions  of  gneiss  and  syenite.  The  strike  at  the  upper  end  of 
the  rapid  is  S.  20°  E.  Dip  is  W.  80^  There  are  a  few  light-greenish 
felsitic  pieces  in  the  river  thli  look  as  if  they  came  from  the  rapids; 
but  no  rock  like  them  could  be  found  in  place.  They  contain  much 
pyrite  which  may  be  Wakemaup's  **copper." 

Two  miles  and  a  half  or  three  miles  below  this  is  Rapid  No.  6.  It 
is  about  ten  rods  long  and  the  fall  is  six  or  seven  feet. 

The  rock  is  mica  schist  cut  by  a  few  granite  intrusions.     It  is  quite 
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«olid  and  compact  but  does  not  appear  in  any  large  outcrops.  This 
rapid  is  just  abo^e  the  mouth  of  a  river  that  comes  in  on  the  north 
aide. 

Between  Rapids  No.  5  and  No.  6  are  several  places  where  there  are 
boulders  to  be  seen  in  the  river  and  along  the  banks.  This  was  not 
so  above  Rapid  No.  5;  perhaps  because  of  the  high  stag^  of  the  water 
at  the  time. 

The  river  continues  in  a  western  direction,  sometimes  running  off 
fortjuite  a  while  in  a  S.  W.  course. 

Some  of  the  schist  at  Rapid  No.  6  contains  so  much  feldspar  and 
qnartz  that  it  might  properly  be  called  gneiss;  and  some  has  so  little 
mica  and  feldspar  as  to  constitute  a  grayish  quartzyte. 

Three  miles  farther  down  is  a  low  outcrop  of  mica  schist  cut  by 
gneiss.  No.  80  (H)  shows  the  contact.  It  is  on  the  south  side  of  the 
river. 

About  four  miles  below  is  a  small  outcrop  in  the  bank  on  the  north 
side  of  the  river.  It  is  a  greenish  schist  much  like  the  Vermilion  lake 
gray  wacke,  containing  a  few  mica  scales  and  some  pyrites.  No.  81  (H). 

About  a  mile  below  this  are  the  ''Big  Falls*'  of  the  Little  Fork.  The 
fall  is  about  16  feet  over  a  very  much  jointed,  but  quite  fine-grained 
and  compact  green  schist.  It  stands  nearly  vertical  or  with  a  high 
dip  to  the  west.  The  strike  is  irregular  but  generally  about  N.  20^  E^ 
It  is  a  rock  that  varies  a  great  deal  in  different  beds  or  layers.  Some 
strata  are  very  siliceous  and  hard  with  a  tendency  to  basaltic  struc- 
ture; some  very  fissile  and  sericitic  and  some  highly  ferruginous  with 
pyrites.  Most  all  of  it  seems  to  contain  considerable  dolomite  or 
calcite  not  only  in  seams  but  in  the  rock  itself.  There  is  also  a  green- 
ish-black mineral  or  ore  found  in  the  seams.  No.  82  A  (H).  Numerous 
quartz  veins  penetrate  the  rock,  and  part  of  it  seems  to  contain  much 
feldspar  or  felsyte.    See  No.  82  (H).    This  is  Rapid  No.  7. 

No  rock  in  situ  is  seen  until  Rapid  No.  8  is  reached,  about  1^  miles 
below  the  falls.  This  is  a  low  outcrop  of  the  same  rock  as  that  at 
the  falls.  One  who  has  come  down  the  river  from  the  region  of  mica 
schist  to  this  fine-grained  schist  containing  little  or  no  mica  cannot 
fail  to  have  noticed  the  gradual  change  in  this  rock  and  the  similarity 
of  contiguous  outcrops  which  go  to  prove  it  all  of  one  formation. 

About  half  a  mile  below  this  is  Rapid  No.  9,  perhaps  four  rods  long 
with  a  fall  of  about  two  feet. 

Here  there  is  an  exposure  of  micaceous  syenite  gneiss  which  appears 
to  be  horizontally  bedded.  It  is  cut  by  veins  of  syenite  and  gneiss. 
There  are  large  lumps  of  green  material  in  the  rock.    No.  83  (H.) 
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About  three  miles  below  the  last  is  Rapid  No.  10;  boulders  being- 
the  only  rock  seen  in  that  distance.  This  rapid  is  12  or  15  rods  long 
and  descends  5  or  6  feet  over  a  bed  of  boulders  as  far  as  could  be  seen. 
There  are  some  rough  pieces  that  seem  to  be  broken  from  the  under* 
lying  rock,  and  are  of  the  gneiss  and  mica  schist  formation.  The 
rock  here  has  more  quariz  and  ^feldspar  than  is  the  case  generally 
farther  east.  Some  of  it  is  syenite  containing  a  little  mica.  iSome- 
times,  as  for  example  on  the  portage  around  the  south  side  of  the 
''Big  Falls,"  large  masses  of  amphibolyte  are  seen  that  appear  to-be 
near  home;  but  it  was  not  seen  in  place.  It  is  a  heayy,  massive, 
crystalline  rock«  apparently  composed  entirely  of  hornblende.  It  is 
noticeable  that  boulders  and  gravel  in  the  stream  are  becoming  of 
more  frequent  occurrence;  and  the  country  has  a  heavier  covering  of 
drift — gray  clay  with  a  few  boulders.  The  land  is  low,  but  not 
swampy,  and  is  good  for  farming.  The  river  is  large  and  still  runs 
mainly  west.  Balm  of  Gilead  and  poplars  constitute  at  least  half  the 
forest;  ash  and  oak  are  numerous,  and  a  few  box-elders  are  seen. 

About  a  mile  and  a  half  below  Rapid  No.  10  is  a  bank  of  gravel  and 
boulderSy  among  which  are  seen  pieces  of  limestone.    No.  84^H.) 

From  here  down  the  boulders  are  very  numerous.  About  two  miles 
and  a  half  below  is  Rapid  No.  11  over  boulders  of  syenite  containing 
a  variable  amount  of  hornblende.  The  rapid  is  short  and  the  fall  is 
not  more  than  two  feet. 

A  quarter  of  a  mile  farther  is  Rapid  No.  12,  only  about  a  rod  long, 
with  a  fall  of  about  a  foot.  About  three  quarters  of  a  mile  below  Rapid 
No.  12  is  a  bank  of  clay  which  contains  boulders  and  is  cut  through  by 
the  river.  The  drift  hills  are  higher  here,  and  on  the  north  side  of  the 
river  this  bank  is  12  or  15  feet  high.  It  contains  limestone  pebbles 
and  clay  concretions.    No.  85  (H.) 

Less  than  half  a  mile  below  this  is  Rapid  No.  13  which  descends 
about  seven  feet  in  a  few  rods.  Here  there  is  a  large  outcrop  of  very 
interesting  rock.  It  is  composed  of  coarse  crystals  of  orthoclase  run* 
ning  mostly  all  in  the  same  general  direction,  mica,  hornblende  and  a 
a  little  quartz,  and  contains  garnets. 

There  is  a  long  smooth-topped  outcrop  on  the  north  side  of  the 
river,  the  general  direction  of  which,  as  well  as  of  the  feldspar  crys* 
tals  in  it  is  E  50^  S.  The  only  evidence  of  bedding  is  the  direction  of 
the  majority  of  the  crystals  and  also  the  direction  of  inclusions  of  fine 
mica  schist  which  are  numerous  in  the  hard  surface  of  the  rock. 
These  inclusions  are  softer  than  the  rest  of  the  rock  and  so  the  snr«' 
face  presents  concavities  where  they  lie. 
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Some  of  the  crystals  of  orthoclase  are  nearly  two  inches  long  and 
are  generally  quite  narrow.  The  rock  has  veins  of  granite  running 
through  it.  The  mica  schist  inclusions  seem  to  stand  with  their  bed- 
ding vertical;  and  the  rock  itself  presents  some  appearance  of  it  al»o. 
Boulders  of  this  peculiar  porphyritic  rock  had  been  seen  in  the  river 
S.  E.  of  this  place.    See  No.  86  (H). 


Pig.  3. — Porphyritic  Breccia.     Sapid  No,  13,  Little  Fork  river. 

About  a  mile  further  down  is  Rapid  No.  11  over  boulders  as  far  as 
could  be  seen.    The  principal  rock  is  like  86  (H)  but  finer. 

Half  a  mile  below  a  large  river  enters  on  the  south.  It  is  called 
Sturgeon  river  by  the  Indians.  Below  this  is  a  high  ridge  on  the 
north  side  of  the  river.  , 

Aboat  a  mile  further  is  Rapid  No.  l!i^  where  the  river  cuts  through 
drift  hills  60  or  75  feet  high.  The  rapid  is  15  or  20  rods  long,  and  the 
river  falls  about  three  feet. 

A  mile  below  the  last  is  Rapid  No.  16,  about  5  rods  long  over  bould  • 
era.  Small  pieces  of  limestone  are  seen  in  most  all  of  the  drift  ridges 
now;  and  there  is  more  sand  mixed  with  the  clay. 

There  is  very  little  large  timber  growing  here.  Dead  stumps  of 
trees  reaching  up  above  the  smaller  growth  of  late  years  give  evi- 
dence of  what  a  fine  forest  existed  here  before  fires  ran  over  the 
coantry  and  destroyed  the  vegetation.  There  are  good-sized  elm, 
ash,  birch,  balm  of  Qilead  and  aspens  along  the  river,  and  enormous 
spruces  and  cedars  occasionally;  but  the  valuable  timber  is  ruined. 

A  little  more  than  a  mile  further  down  is  Rapid  No.  17,  a  small 
rapid.     A  few  limestone  boulders  here  are  a  foot  in  diameter.     See 
No.  87  (H). 
50 
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About  quarter  of  a  mile  further  is  Rapid  No.  18,  a  short  rapid  o^er 
boulders  and  gravel.  Just  before  reaching  it  is  a  clay  bank  on  the 
west  side  of  the  river  over  50  feet  high. 

Two  miles  further  is  an  exposure  of  syenite  gneiss  just  above  Rapid 
No.  19.  This  gneiss  has  the  same  general  character  as  that  at  Rapid 
No.  13,  except  that  it  contains  much  less  mica,  some  of  it  none  at 
all.  There  are  garnets  in  it  as  in  the  other  and  also  a  few  of  the 
mica  or  hornblende  schist  inclusions.  The  rock  at  the  south  side  of 
the  outcrop  is  greenish  schist  containing  mica  and  hornblende  and 
but  little  feldspar. 

This  rapidly  graduates  into  syenite  poor  in  quartz,  and  further  north 
this  contains  more  feldspar  than  any  other  mineral.  This  syenite 
gneiss  seems  to  be  vertically  bedded  and  to  strike  N.  10°  E.  No.  88  (H). 

About  two  miles  below  the  last  is  Rapid  No.  20,  where  the  river 
falls  8  feet  in  100  yards  or  less.  There  are  numerous  large  boulders 
here  and  a  low  exposure  of  fine  green  schist  that  looks  like  fine  dia- 
base. It  is  polished  wonderfully  smooth  on  the  surface  by  glaciation. 
The  direction  of  the  striations  is  N^.  10°  £.  Bedding  is  vertical ;  strike 
E.  and  W.  It  is  full  of  joints,  and  a  hand  sample  of  regulation  size 
can  with  diflSculty  be  obtained.  It  is  cut  by  a  dyke  of  Iight*coIored 
rock  composed  of  quartz,  feldspar,  mica,  hornblende,  and  garnets.  It 
narrows  down  from  six  feet  to  one  foot  in  15  feet,  going  N.  20^  £.  It 
does  not  appear  in  abrupt  contact  with  the  green  schist.  Nos.  89 
(H),  90(H). 

Forty  rods  further  is  Rapid  No  21,  where  there  is  a  fall  of  two  feet 
over  boulders.  Half  or  three-quarters  of  a  mile  below  is  Rapid  No. 
22.  Just  above  this  is  an  exposure  on  the  south  side  of  the  river.  It 
is  a  greenish  mica  schist  that  has  a  striking  resemblance  to  that  at 
Rapid  No.  20;  but  contains  much  mica  in  fine  scales.  Bedding  is 
vertical;  strike  N.  10^  E;  glacial  marks  N.  10^  E. 

Included  in  this  mica  schist  are  patches  of  a  different  kind  of  mica 
schist,  also  with  vertical  bedding  and  same  strike.  The  schist  con- 
tains quartz  veins.  Nos.  91  (H),  91  A  (H). 

Half  a  mile  farther  is  Rapid  No.  23,  about  four  rods  long  with  a  fall 
of  4i  feet.  The  rock  is  mica  schist  similar  to  the  last  and  containing 
quartz  veins.  Strike  N.  80<»  E.  Dip  S.  70®.  About  a  mile  below  a 
river  enters  on  the  east. 

About  two  miles  below  the  mouth  of  this  river  is  Rapid  No.  24, 
over  boulders  for  a  few  rods.  Two  miles  further  on  a  good-sized 
stream  comes  in  on  the  south,  and  li  miles  farther  a  large  creek  enters 
on  the  east. 
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Very  few  boulders  and  no  solid  rock  is  seen  for  several  miles  along 
here.  The  river-banks  are  of  clay.  Just  below  the  mouth  of  the 
river  on  the  N.  E.  side  is  a  clay  bank  20  feet  high.  It  is  horizontally 
stratified  and  contains  a  few  small  pebbles.  It  is  gray  and  somewhat 
sandy  and  appears  to  be  of  lacustrine  or  river  deposit;  but  may  be 
Cretaceous. 

About  half  a  mile  farther  is  Rapid  No.  25,  about  a  quarter  of  a  mile 
long  over  boulders.  A  short  distance  below,  a  creek  enters  from  the  S. 
W.,  and  at  the  mouth  of  it  is  Rapid  No.  26^a  short  rapid  formed  by 
boulders. 

A  little  below  this  is  a  rapid  40  rods  long  or  more  over  a  bed  of 
boulders.  This  is  Rapid  No.  27.  Below  this  rapid  for  some  distance 
the  water  is  almost  continually  rapid  and  boulders  are  numerous. 
There  is  a  sand  and  gravel  bed  here  of  which  limestone  pebbles  con- 
stitute about  one-half.  Below  this  on  the  other  side  is  a  bank  of 
boulders  in  which  are  some  of  limestone  three  or  four  feet  in  diameter. 
No.  92  (H). 

Just  around  the  bend  a  creek  comea  in  on  the  east  side,  which  has 
washed  out  a  large  bed  of  pebbles,  most  of  which  are  limestone.  The 
banks  of  this  creek  are  lined  and  covered  and  -fairly  white  with  lime- 
stone. Lignite  in  a  mass  eight  inches  long,  six  inches  wide  and 
three  inches  thick,  was  found  here.  No.  93  (H).  The  banks  of  the 
<sreek  are  formed  of  very  fine,  sticky,  horizontally  stratified  clay, 
which  becomes  hardened  shale  on  drying.  This  clay  is  fine,  soft, 
bluish-gray  Cretaceous,  in  strata  of  from  one  to  three  inches  thick. 
The  banks  of  the  creek  for  one-fourth  mile  back  from  the  river  are 
20  to  25  feet  high  and  formed  of  this  shale.  A  total  thickness  of  at 
least  40  feet  can  be  seen  at  this  place.  A  few  cycloid  fish  scales  and 
other  fossiliferous  remains  were  found  in  this  shale.*  Some  gravel 
was  seen  in  the  clay  in  one  or  two  places;  also  aggregations  of 
fibrous  yellow  needles  of  aragonite.  Nos.  94  (H),  95  (H),  96  (H),  97 
(H),  98  (H)  are  from  here. 

It  is  remarkable  to  see  the  variety  and  number  of  boulders  and 
pebbles  that  are  in  this  creek  bed.  Limestone  masses  five  feet  thick 
occur;  also  pieces  of  a  very  peculiar  conglomerate  as  well  as  of  a  fine, 
pink  sandstone  that  looks  like  the  Potsdam. 

Half  a  mile  farther  down  is  a  hill  apparently  composed  of  till  which 
rises  60  or  60  feet  above  the  river.    A  short  distance  below  this  is  a 


*  Mlcroicoplo  ezamlnfttlon  of  this  shale  by  Me»srp.  Woodward  a  Thomas  reveals  characteristic 
Cretaccons  roraminlfers. 
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bluff,  40  feet  high,  of  shale.  It  is  all  very  slippery  and  fine,  with  here 
and  there  a  pebble.  No  fossils  were  found  here.  On  the  east  side  of 
the  river  below  here  the  clay  hills  are  80  feet  high. 

Nothing  worthy  of  note  is  seen  for  the  next  six  miles;  boulders  are 
few  and  no  solid  rock  is  visible.  At  six  miles  a  stream  which  has 
been  used  for  driving  logs  comes  in  from  the  south,  and  forms  a  large 
bed  of  gravel  and  sand  at  its  mouthu  The  banks  of  this  stream  are 
formed  of  the  same  muddy  shale.  The  hills  in  this  vicinity  are  75 
feet  or  even  100  feet  high;  and  seem  to  be  horizontally  stratified  to* 
the  very  top.    A  few  fragments  of  lignite  were  found  here. 

About  two  and  one-half  miles  below  this  stream  is  Rapid  No.  28, 
over  some  large  boulders  in  the  stream.  There  are  some  large  flat 
masses  of  siliceous  mica  schist  that  do  not  appear  to  have  traveled  far; 
but  the  covering  of  drift  and  Cretaceous  is  too  thick  for  the  solid  rock 
to  be  exposed. 

About  two  and  a  half  miles  down  the  stream  is  seen  the  first 
meander  corner.  It  is  between  sections  22  and  23,  T.  66-24.  A  little 
below  here  a  small  stream  enters  from  the  S.  £.,  and  there  is  an  old 
logging  camp,  "  Seller's  Gamp." 

About  a  mile  below  this  camp,  in  the  N.  E.  i  sec.  22,  65-24,  is  Oak 
Rapids  (Rapid  No.  29).  At  the  top  of  these  rapids  is  an  outcrop  of 
mica  schist  in  the  bed  of  the  river.  Strike  is  E.  lO'^S. ;  dip  S.  20^ 
This  schist  may  not  be  in  its  original  position,  although  it  appears  to 
be.  No.  100  (H).  This  rapid  produces  a  fall  of  five  or  six  feet  in 
less  than  one-quarter  mile.  Considerable  mica  schist  is  exposed  on 
the  N.  E.  side.  It  is  interbedded  with  gneiss.  No.  101  (H).  The 
schist  near  the  foot  of  the  rapids  contains  much  quartz  in  veins,  and 
many  small  garnets  or  grains  of  rose  quartz.    No.  102  (H). 

At  the  west  line  of  sec.  7,  T.  65-24,  is  Rapid  No.  30,  over  boulders 
for  about  five  rods. 

Just  below  the  place  where  the  river  leaves  T.  65-24  is  Rapid  No. 
31,  called  ^'  Dead  Man's  Rapid.*'  The  rapid  is  over  mica  schist  inter^ 
bedded  with  gneiss,  and  the  river  falls  ten  or  fifteen  feet  in  about 
eighty  rods.  The  schist  dips  south  72°.  Strike  is  N .  SO'^E.  It  is 
very  siliceous  and  also  contains  quartz  veins.  The  beds  of  granite  or 
gneiss  are  of  all  thicknesses  up  to  three  or  four  feet.  Some  of  the 
schist  weathers  red  on  the  surface,  and  some  contains  much  horn- 
blende. Part  of  the  gneiss  contains  a  bright  green  mineral  near  the 
surface.  The  outcrop  is  low  and  only  rises  a  few  feet  above  the 
water.    No.  104  (H). 

Around  the  poin  t  just  below  this  rapid  is  a  low  exposure  of  massive- 
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isyenite  or  dioryte.  There  are  two  sets  of  glacial  striae;  one  N.  20^  E., 
the  other  £.  lO"*  S.  They  are  both  well  de&ned;  but  it  could  not  be 
told  which  was  of  later  date.  This  rock  extends  for  two  or  three  rods 
along  the  north  bank.     No.  105  (H). 

A  short  distance  below,  on  the  other  bank,  is  the  ordinary  mica 
schist  cut  by  granite;  so  the  dioryte  is  not  very  extensive,  but  may  be 
in  a  dyke.  It  is  very  hard  and  massive;  hardly  a  joint  or  crack  being 
fieen  in  the  whole  of  it.  Several  very  large  granite  boulders  lie  in  the 
river  near  here,  some  15  or  20  feet  in  diameter. 

Half  a  mile  below  ''Dead  Man's  rapid"  is  Rapid  No.  82  over  an 
ugly  barrier  of  boulders. 

A  mile  below  this  is  Rapid  No.  83,  about  15  rods  long  over  boulders. 
The  river  falls  about  2  feet. 

Ha  f  a  mile  farther  is  Rapid  No.  84.  Here  there  is  aff  outcrop  of 
mica  schist,  fine,  biotitic  and  ferruginous,  interbedded  closely  and 
strikingly  with  biotite-muscovite  gneiss. 

The  gneiss  and  schist  are  in  nearly  vertical  strata;  dip  S.  32^ W. 
75°  and  strike  N.  58"E. 

Less  than  one-quarter  mile  below  is  Rapid  No.  85,  a  short  rapid  over 
boulders.  The  banks  along  here  are  higher  than  have  been  seen  for 
some  time. 

About  2  miles  farther  is  a  meander  corner  between  sections  19  and 
24,  Twps.  66-24  and  66-25. 

A  The  hills  below  for  several  miles  seem  to  be  composed  principally  of 
till  containing  small  boulders  with  which  there  is  mixed  considerable 
limestone. 

Six  miles  from  the  last  rapid  is  Rapid  No.  36,  having  a  fall  of  about 
a  foot  in  a  few  rods.     No  rock  but  boulders  was  seen  here. 

About  If  miles  farther  down  is  a  low  outcrop  of  interbedded  mica 
schist  and  granulyte,  exposed  for  about  5  rods  along  the  N.  W.  bank 
of  the  stream.  The  schist  is  vertically  bedded;  strike  is  N.  70^  E. 
There  are  indications  along  the  banks  of  the  river  of  water  in  the 
river  12  feet  higher  than  at  the  time  these  notes  were  taken,  (July 
5th.) 

Two  and  a  half  miles  farther,  about  in  the  N.  E.  i,  T.  67-25,  is  an 
outcrop  of  dolery  te  less  than  a  foot  above  the  water.  It  is  apparently 
a  dyke  running  across  the  river  N.  and  S.  Olacial  marks  are  long 
and  deep,  N.  42«  E.    No.  106  (H.)  ' 

Just  below,  around  the  point  is  an  outcrop  of  mica  schist  inter- 
bedded with  thin  beds  of  gneiss.  Strike  is  E.  and  W.  Dip  N.  65^. 
It  is  quite  thin-bedded  and  is  the  characteristic  rock  of  this  whole  re- 
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gion.  In  places  it  is  hard  to  say  which  is  schist  and  which  is  gneiss, 
or  where  one  bed  stops  and  the  other  commences,  and  again  they  are 
separated  quite  distinctly.  It  will  be  noticed  that  the  dip  has  changed 
to  the  north.  This  schist  causes  Rapid  No.  37,  short  and  not  steep. 
About  a  mile  below  a  good  sized  stream  enters  on  the  south  side. 

Two  miles  further  down  is  a  low  exposure  of  inter-bedded  gneiss 
and  mica  schist.  Glacial  striae  are  N.  40°E.  Dip  N.  50^.  Strike 
E  and  W.  The  beds  are  very  thin,  fifteen  alternating  beds  in  a 
thickness  of  one  foot  being  counted  in  one  place. 

About  five  miles  farther  down  is  Rapid  No.  38  over  boulders  which 
probably  rest  on  mica  schist,  as  that  is  the  material  of  which  most  of 
them  are  composed.  There  seem  to  be  very  few  boulders  in  the  till 
here.  Small  white  pine  and  tamarack  trees  are  beginning  to  be  abun- 
dant.    Box^lder  is  plentiful  and  soft  maples  are  seen  here  and  there. 

Two  miles  farther  down  is  a  bank  of  Cretaceous  shale  on  the  west 
side  of  the  river.  It  is  sub-jacent  to  a  mass  of  till  and  gravel.  The 
latter  contains  many  limestone  pebbles.  A  few  of  these  pebbles  seem 
to  be  in  the  shale  too.  The  bank  consists  of  20  feet  of  shale,  and  10 
feet  of  drift  on  top.  The  water  from  the  surface  filters  down  through 
the  till  and  not  being  able  to  get  through  the  shale  forms  springs  of 
cold  water  coming  out  in  the  bank  at  many  places.  The  shale  is  al- 
ways wet  and  slippery  and  in  thin  beds.  By  a  bed  is  meant  a  layer 
.of  clay  with  a  line  of  fine  sand  or  sandy  clay  at  the  bottom  of  it.  The 
shale  separates  easiest  at  the  line  of  sand. 

Half  a  mile  further  is  a  low  outcrop  of  mica  schist  and  gneiss,  and 
near  it  two  immense  granite  boulders  that  look  as  if  they  were  once 
one  piece. 

Three  miles  farther  down  the  stream  is  a  large,  slightly  elevated 
exposure  in  the  middle  of  the  river.  It  is  nearly  round  and  about 
100  feet  in  diameter.  It  is  composed  of  mica  schist  interbedded  with 
and  cut  in  all  conceivable  directions  by  coarse  gneiss.  This  gneiss 
runs  principally  with  the  schist,  but  there  are  large  and  small  veins 
that  run  straight  across  and  twist  through  the  schist  in  such  a 
manner  as  to  make  a  very  rough  and  irregular  surface  where  the 
gneiss  stands  above  the  weathered  and  washed  out  schist.  The  gneiss 
is  very  coarse;  the  crystals  of  feldspar  and  mica,  both  biotite  and 
muscovite,  being  four  and  sometimes  six  inches  on  a  side.  The  mica 
and  quartz  are  often  blood-red.  The  gneiss  also  contains  garnets  and 
tourmaline  crystals  four  inches  long,  besides  a  green  mineral  that  re- 
sembles beryl.  Beds  of  rock  composed  mainly  of  biotite  and  augite 
occur  in  the  schist. 
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The  south  side  of  this  outcrop  has  a  south  dip;  then  comes  a  hard, 
wide  bed  of  fine  schist  on  the  other  side  of  which  the  dip  is  north  at 
an  indefinite  angle.  The  general  strike  is  about  E.  20^S.  Glacial 
striae  N.  22^£.  Most  of  the  feldspar  is  orthoclase,  buu  there  is  also  a 
light  bluish-green  feldspar  in  parts  of  it.  Nos.  107  (H),  107A  (H), 
107B  (H)  and  108  (H)  are  samples  from  here.  The  large  crystals  of 
mica,  as  well  as  the  biotite-augite  (?)  inclusions  or  beds,  stand  on 
edge. 


Fig.  3. — Mica  schist  cut  by  granite,  Little  Fork  river. 

The  large  intrusion  of  granite  seen  in  the  sketch  to  run  across  the 
beds  ^eems  to  lie  on  the  beds  and  not  cut  them  much.  It  is  very 
coarse.  This  is  rapid  No.  39  (Eabemabegetchiwak,  "where  the 
water  goes  round  ").  The  river  falls  about  three  feet  in  the  course  of 
a  few  rods. 

About  a  mile  and  a  half  below  are  three  more  outcrops  of  mica 
schist  and  gneiss.  Strike  is  £.  and  W. ;  there  is  a  high  dip  to  the 
north. 

About  3  miles  farther  on  the  west  side  of  the  river  is  a  bank  18  or 
20  feet  high  that  has  in  the  top  of  it  about  10  feet  of  horizontally 
stratified  clay  of  a  light  color  and  containing  limestone,  schist  and 
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■utber  pebbles  as  large  as  4  inches  ib  diameter.     No.  109  (H).     This  is 
probably  is  the  bed  of  lake  Agassiz. 

Jast  below  this  is  a  low  exposure  of  mica  schist  aad  gneiss  in  thin 
beds  dipping  north  at  a  high  angle  and  running  east  and  west. 


Fig.  lY—Mica  Schist  and  Interbedded  Gneiss,  Liltle  Fork  riper. 

About  a  mile  below  this  is  Rapid  No.  40,  over  boulders  for  20  rods. 
The  river  falls  about  2i  feet. 

Two  miles  below  is  a  rapid  fall  of  6  feet  over  boulders.  There  is  a 
clearing  of  40  acres  or  more  on  a  drift  bluff  50  feet  above  the  river. 
The  Indians  have  come  here  each  spring  from  time  immemorial  to 
catch  sturgeon.  Their  name  for  it  is  Onakaiamis  ("where  the  stur- 
geon run.")  This  rapid  is  No.  41  and  is  about  19  miles  above  Rainy 
Lake  river. 

About  two  miles  below,  Little  Pork  creek  comes  in  on  the  east  side. 
The  drift  bills  and  banks  are  20  feet  to  30  feet  bigb  here  and  are  strat- 
ified at  the  top  and  perhaps  all  through. 

About  two  and  one-half  miles  further  down  is  a  layer  of  black 
gravel  in  the  northeast  bank  of  the  river.  It  contains  some  magne- 
tite.   No.  110  (H). 

KAINT    LAKE   BIVEB. 

Nothing  particularly  noteworthy  is  seen  for  the  next  fifteen  miles, 
when  Rainy  Lake  river  is  reached.     The  water  in  this  river  is  tnaeh 
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cooler  and  cleaner  than  that  in  the  Little  Fork,  which  is  red  and 
muddy.  The  banks  are  not  more  than  20  feet  high  and  are  more  or 
less  stratified.  There  seems  to  be  an  occasional  exposure  of  Cretaceous 
shale.  For  eight  and  one-half  miles  up  Rainy  Lake  riyer  from  the 
mouth  of  the  Little  Fork  there  is  no  rock  to  be  seen  in  place.  The 
banks  are  from  five  to' fifty  feet  high  and  seem  to  be  composed  of  till; 
but  that  cannot  be  positively  ascertained  as  they  are  so  rounded  and 
covered  with,  vegetation.  There  are  numerous  limestone  boulders 
lying  along  the  water's  edge.  There  are  settlers  all  along  the  British 
side  and  a  few  on  the  American.  Oak  trees  are  common  and  poplars 
are  numerous. 

About  Si  miles  below  Fort  Francis  is  an  exposure  of  mica  schist  in 
the  middle  of  the  river.  Strike  is  N.  82°  E. :  dip  N.  80^  Glaciation 
N.  32°  E.  This  schist  is  quite  fine  and  very  fissile  in  places.  It  has  a 
wavy,  schistose  structure  running  in  the  same  general  direction  as  the 
bedding.  Vhere  are  a  few  small  beds  of  feldspathic  material  running 
through  it.  A  couple  of  pieces  lying  on  the  surface  which  seem  tp  be- 
long  here  contain  chlorite  and  pyrite  and  some  other  mineral.  Nos 
111(H)  and  112(H). 

About  a  mile  and  a  half  below  Fort  Francis  is  a  long  exposure  of 
green  hydro-micaceous  schist  on  the  British  side.  Strike  is  N.  40^  E. 
Dip  at  a  high  angle  to  the  north  or  vertical.  There  are  a  few  scales  of 
unaltered  mica  in  the  schist  and  some  dolomite  in  the  veins  and  seams. 
No  113  (H).  There  are  some  beds  that  are  very  siliceous  with  fine 
grains  of  quartz  that  crumble  and  separate  with  a  slight  blow  of  a 
hammer.  They  resemble  the  quartz  beds  in  the  jasper  schists  north 
of  Tower.    No.  ll4  (H). 

There  is  a  bed  of  green  schist  or  rock  possessing  a  schistose  struct- 
ure that  runs  so  as  to  slightly  cut  the  bedding  of  the  schist.  It  is 
about  two  feet  wide  and  continues  for  several  rods.  It  seems  to  be  a 
little  softer  that  the  other  schist  and  has  about  the  same  composition. 
No.  lis  (H).  It  looks  as  though  it  may  have  been  of  a  dyke-like 
nature  and  had  its  schistosity  formed  at  a  later  period  by  lateral  pres- 
sure.   The  character  of  its  constituents  has  also  been  changed. 

A  little  further  up  the  river  on  the  same  side  is  an  exposure  that 
rises  15  feet  above  the  water.  Here  the  schist  contains  twisted  beds 
of  quartz  stained  with  iron  which  have  a  marked  resemblance  to  those 
in  the  Vermilion  lake  rocks.    No.  116  (H).    See  figs.  5  and  6. 
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Fig.  5. — Bainy  Lake  river. 


\ 


Fig.  6. — Rainy  Like  river. 


On  the  south  end  of  a  small  island  in  the  middle  of  the  river  is  a 
small,  massive  outcrop  of  porphyritic  granite.  It  is  exceedingly  porous 
but-tough.  Crystals  of  feldspar  less  than  an  inch  in  length  stand  out 
all  over  the  surface  The  rock  also  contains  mica  and  hornblende  or 
chlorite  and  a  very  little  quartz.  Going  east  a  short  distance  nodules 
of  hardened  mica  schist  are  seen  enclosed  in  the  other  rock.     Soon  the 
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porphyry*  begins  to  have  more  and  more  of  the  green  minerals  in  it; 
and  finally  it  becomes  fine,  hard  mica  schist.  Along  the  strike  there 
is  a  gradual  transition  from  porphyry  to  schist;  but  in  one  or  two 
spots  they  have  an  abrupt  contact.  Some  of  the  nodules  are  porphy- 
ritic.  Nos.  117  (H;,  117  A  (H).  117  B  (H\  117  C  (H),  117  D  (H),  117 
E  (H)  and  117  F  (H)  are  from  here. 

The  island  just  east  of  this  one  is  composed  of  the  same  porphyritic 
rock  with  beds  (for  it  certainly  is  bedded  in  places)  of  a  fine  crystal- 
line greenstone.  It  is  astonishing  how  quickly  an  apparently  massive 
igneous  rock  can  become  gneissoid  and  then  schistose.  There  seems 
to  be  no  choice  between  hornblende  and  mica;  of  two  specimens  taken 
out  of  the  solid  rock  less  than  three  feet  from  each  other,  one  is  mi- 
caceous and  the  other  hornblendic.  Nos.  118  (H),  118  A  (H),  119  (H) 
and  120  (H). 

The  same  porphyritic  rock  forms  the  American  shore  for  a  long  way 
up  the  river.  It  contains  masses  of  mica  schist  in  it,  entirely  sur. 
rounded  by  the  porphyry  and  merging  into  it.  There  are  straight, 
well-defined  bands  of  greenstone  in  it  that  seem  to  be  dykes.  The 
first  one  met  with  was  hard  trap  at  the  west  end,  and  schistose  rock 
ten  feet  farther  east.     Nos.  121  (H)  and  121  A  (H). 

Further  along  is  a  dike  sil  feet  wide  cutting  right  through  the  por- 
phyry. Its  direction  is  N.  72**  E.  Dip  S.  62®.  On  the  surface,  por- 
tions of  this  dyke  look  much  like  the  porphyry,  but  of  finer  composi- 
tion. The  edges,  however,  are  well  marked  and  the  contact  abrupt. 
Nos.  122  (H)  and  122A  (H). 

Sometimes  the  green  mineral  in  the  porphyry  is  like  chlorite  and 
the  feldspar  is  pink  instead  of  cream-colored  or  white  as  in  most  of 
it.     No.  123  (H). 

Just  beyond  the  dyke  last  mentioned  the  porphyry  contains  masses 
of  greenstone  several  feet  in  diameter,  and  winds  and  twists  al 
around  them.     The  most  of  this  greenstone  is  similar  to  the  dyke 
rock  No.  122  (H),  but  on  one  side  of  one  of  the  inclusions  is  regular 
mica  schist  which  grades  into  the  ''greenstone."    No.  124  (H). 


*Thii  rock  bM  a  B6ini>cryitalllD6  groaDdmau  bnt  is  caJIed  porphyry  here  for  convenienc*. 
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Fig.  7. — Dyke  cutting  porphyritic  breccia.  Rainy  Lake  river. 

This  porphyritic  gneiss  coatinnes  up  to  Fort  Francis,  where  it 
forms  11  waterfall  twenty-five  feet  high.  At  this  place  the  rock  has 
been  blasted  out  to  a  depth  of  thirty  feet  to  make  a  lock.  The  entire 
rock  is  shown  by  this  means  to  contain  the  rounded  lumps  of  dark 
schist  of  all  sizes  up  to  seTeral  feet  in  diameter,  to  a  depth  of  at  least 
thirty  feet.  No.  125  (H).  There  seems  to  have  been  some  mighty 
metamorphosing  agent  at  work,  which  uplifted  and  changed  a  belt  of 
mica  schist  into  porphyntic  gneiss.  The  general  direction  of  this 
ridge  or  belt  of  altered  schist  is  from  N.  W.  to  S-  E.,  i.  e.,  if  the 
similar  rock  at  the  west  end  of  Pelican  lake  be,  as  seems  probable,  a 
continuHtion  of  this  same  rock. 

Half  a  mile  above  the  falls,  on  the  American  side,  is  a  low  outcrop 
of  syenite,  porphyritic  with  red  and  green  feldspar.  The  red  is  very 
decidedly  red,  but  seems  to  be  orthoclase.     No.  126  (H). 

About  a  mile  further  is  an  outcrop  of  mica  schist  in  vertical  strata, 
^yith  a  strike  N.  48°E.  It  appears  the  same  as  usual,  and  has  nothing 
to  show  that  it  ts  so  near  an  extensive  belt  of  metamorphism.  THe 
)«liores  of  the  sluggish  stream  conform  to  the  strik^^of  this  schist  all 
the  way  to  Rainy  lake.  Some  of  it  is  exceedingly  soft  and  Sae,  and 
crumbles  easily. 

The  second  rapid  below  the  lake  is  over  mica  schist  which  contains 
many  small  quarts  veins.  Strike  is  N.  54°  E  ;  dip  north  at  a  high 
angle. 

The  rock  on  the  Canadian  side  at  the  Agency  is  hard  aad  jointed 
and  bears  evidence  of  considerable  baking.     No.  127  (H). 
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RAIKY  LAKE. 

Mica  schisfc,  much  jointed  and  with  fine  veins  of  qaartz  and  gneiss, 
is  seen  in  a  low  outcrop  on  the  point  in  N.  W.  i  sec.  29,  71-23.  On 
the  east  side  of  this  point  the  schist  seems  to  be  of  two  kinds;  one 
siliceous  and  granular  crystalline,  the  other  soft  and  fine,  both  mixed 
and  twisted  up  together.  No.  128  (S)  shows  the  two  kinds  in  con- 
tact. In  the  small  bay  around  this  point  are  many  large  boulders  of 
gneiss,  schist  and  greenstone.  , 

The  point  in  the  N.  E.  i  sec.  29,  71-23,  is  a  low  exposure  of  mica 
schist.  The  general  strike  is  N.  70^  E.  There  are  beds  of  a  semi- 
crystalline,  grayish-green  rock  in  the  schist  and  running  in  the  same 
general  direction,  but  sometimes  cutting  the  beds.  This  rock  weath- 
ers faster  than  the  schist  and  the  surface  is  white  from  the  feldspar  in 
it.  It  contains  also  pyrite,  hornblende  and  a  soft  green  mineral,  prob- 
ably chlorite.  There  are  three  of  these  beds  on  this  point.  No.  129 
(E).  The  dip  of  the  schists  is  north  at  a  high  angle.  There  are  small 
veins  of  quartz  and  granite  in  the  schist. 

The  point  in  the  N.  W.  i  sec.  28,  71-23,  is  composed  of  mica  schist. 
Dip.  is  N.  72°.  Strike  N.  70**  E.  The  strata  of  schist  vary  in  diflFer- 
ent  parts.  One  side,  presumably  that  which  was  originally  at  the  bot- 
tom, is  coarser  and  darker  than  the  other.  Wheu  therefore  the  coarse 
side  of  one  stratum  comes  in  contact  with  fine  upper  side  of  another 
stratum  they  do  not  look  like  the  same  rock.  The  finer  side  of  the 
beds  is  the  north  side  at  this  locality.  No  limestone  boulders  have 
been  seen  since  reaching  the  lake.  The  schist  at  this  place  contains 
veins  of  dark  red  quartz.     No.  130  (H). 

Around  the  point  the  rock  becomes  coarser  and  contains  grains  of 
siliceo-feldspathic  material.    Glaciation  N.  32**  E.  No.  131  (H). 

In  the  center  of  sec.  28,  71-23,  the  rock  is  a  very  fine,  hard,  green 
schist.  The  mica  which  it  contains  is  exceedingly  fine.  No.  132  (H). 
The  surface  of  this  schist  is  sometimes  covered  with  long  slender  crys- 
tals of  hornblende.     No.  133  (H). 

Along  the  shore  in  the  N.  E.  i,  sec.  28,  71-23,  the  schist  contains 
many  very  ferruginous  quartz  veins.  Some  of  the  beds  of  schist  are 
quite  decayed  and  jointed  on  account  of  the  irou  in  them. 

In  this  locality  there  is  a  trap  dyke  nearly  3  feet  wide  running 
£.  60^  S.  across  and  through  the  beds  of  schist.  It  does  not  seem  to 
incline  any  from  vertical.  The  surface  of  the  rock  is  covered  with 
small,  green  crystals  that  look  like  epidote,  but  seem  too  soft.  Nos. 
134  (H)  and  134A  (H.) 
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A  little  farther  east  is  much  more  of  the  ferruginous  schist  in  large^ 
soft  beds.  No.  135  (H.)  The  general  dip  here  is  N.  45^  Small, 
crooked  beds  of  granulyte  occur  in  the  schist  and  appear  to  become 
more  numerous  toward  the  east.  The  strike  has  changed  to  E  10''  S. 
Boulders  of  gneiss  and  mica  schist  interstratified  with  each  other  are 
becoming  very  numerous.  The  schist  is  occasionally  quite  hard  and 
contains  some  hornblende.     Dip  is  N.  40^     No.  136  (H.) 

On  one  of  the  numerous  sand  beaches  is  a  deposit  of  very  green 
sand.  It  loo]^s  like  the  mineral  seen  on  the  surface  of  the  dyke  rock. 
No.  134  A  (Ho 

There  is  another  small  dyke  a  little  coarser  than  the.  last  a  little  , 

farther  east.    Its  direction  is  N.  60^  E.     It  is  about  2  feet  wide  and  ^ 

weathers  light. green  on  the  surface.    No.  138  (H). 

The  beds  of  schist  begin  to  be  very  different  from  each  other  and 
contain  much  quartz  and  feldspar  besides  an  undetermined  green  min- 
eral. No.  189  (H).  A  little  further  along,  still  in  sec.  28,  71-23,  the 
schist  becomes  very  thin,  bedded  and  fine-grained  and  lies  in  long 
parallel  beds.  Strike  is  N.  72<^  E  ,  No.  140  (H).  Some  beds  in  the 
schist  here  are  quite  hydro- micaceous.     No.  141  (H). 

The  south  side  of  the  small  island  in  N.  E.  i  sec.  28,  71-23,  is  form- 
ed of  mica  schist.  Lying  against  it  upon  the  north  is  white  granite 
or  gneiss.  The  contact  is  abrupt  and  distinct;  but  the  granite  has 
sent  out  branches  that  cut  the  schist,  and  has  also  enclosed  a  few 
pieces  of  schist  in  it.  The  granite  is  cut  by  intrusions  of  granulyte 
and  granite  containing  but  a  little  mica.  The  only  evidence  of 
gneissoid  structure  is  the  arrangement  of  the  minerals  in  parallel  lines. 
These  have  about  the  same  general  direction  as  the  schist,  yis.  N. 
60^  E.  The  masses  of  schist  that  are  enclosed  in  the  gneiss  are  an* 
altered  and  seem  to  have  retained  their  strike  and  dip.    Nos.  142  (H)  ^ 

and  113  A  (H).  The  larger  island  at  this  same  place  is  composed  al- 
most entirely  of  granite.  In  one  place  only  a  few  short  beds  of  schist 
were  seen.  The  middle  of  the  island  rises  25  feet  above  the  water. 
There  are  small  masses  of  schist  enclosed  in  the  granite  in  ^varioos 
places.     No.  144  (H). 

In  the  N.  E.  i  sec.  27,  71-23,  the  schist  lies  against  the  gneiss  all 
along  the  coast.  They  are  mixed  and  cut  and  twisted  up  together  in 
a  remarkable  fashion.  Long  feelers  of  the  gneiss  or  granite  stretch 
off  through  and  across  the  beds  of  schist,  and  from  them  branch  oat 
smaller  winding,  twisting  veins  in  all  directions.  The  general  line  of 
contact  seems  to  be  in  the  direction  of  the  bedding  of  the  schist. 

In  the  N.  E.  i,  of  N.  E.  i,  sec.  27,  71-23,  is  a  dyke  which  is  35  paces 
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from  one  side  of  it  to  where  it  goes  under  the  water  and  disappears. 
On  the  west  side  it  is  a  fine  diabase.  This  becomes  coarser  and  coarser 
toward  the  middle  of  the  dyke.  The  rock  on  the  west  side  of  it  is 
fine,  hard  mica  schist.  The  line  of  the  west  side  of  the  dyke  runs  E. 
60**  S.  Glacial  marks  are  N.  40''  E.  Nos.  145  (H).  145A  (H).  145B 
(H),  145C  (H),  1450  (H),  USE  (H)  and  145F  (H),  show  the  change 
in  the  rock  in  crossing  the  dyke. 

The  coarsest  side  of  this  dyke  which  is  naturally  supposed  to  be  the 
middle,  is  at  the  water's  edge,  and  it  can  ^ot  be  determined  where  the 
rest  of  ifc  has  gone  or  whether  there  is  any  more.  If  the  coarsest  part 
is  the  middle,  the  dyke  is  210  feet  across. 

Jack  pine  trees  are  numerous  in  this  region.  Not  one  was  seen  on 
the  Little  Fork. 

The  dyke  mentioned  above  continues  to  form  the  shores  of  the 
islands  and  main-land  for  a  long  distance  going  E.  50°  S.  Its  edges 
are  irregular  and  sometimes  penetrate  a  long  distance  into  the  schist; 
but  the  line  of  contact  is  always  distinct.  This  dyke  probably  con  - 
tains  magnetite;  as  the  compass  is  disturbed  by  its  proximity.  Some 
of  it  contains  epidote.    No.  146  (H). 

The  long  point  in  sec.  26, 71-23,  is  composed  of  micaceous  and  hydro- 
micaceous  schist  containing  quartz  in  veins. 

A  round  polished  knob  of  the  dyke  rock  sticks  up  in  the  middle  of 
the  bay  south  of  the  east  end  of  the  point  mentioned  above.  This  is 
very  finely  marked  by  glaciation.  The  augite  crystals  are  arranged  in 
long  rows  which  run  at  about  right  angles  to  the  glacial  marks. 
There  is  so  much  disturbance  of  the  needle  here  that  direction  can 
not  be  determined  by  the  compass. 

On  the  south  side  of  the  bay  in  sec.  26,  71-23,  is  what  appears  to 
be  the  continuation  of  the  dyke.  It  contains  beds  of  coarse,  dark 
schist  running  N.  70°  £.  No.  148  (H).  In  some  places  this  very  trap 
rock  has  a  bedded  structure  and  almost  becomes  schist  with  a  strike 
similar  to  that  of  all  the  schists  in  this  region,  and  apparently  in 
vertical  beds.    Nos.  149  (H)  and  149  A  (H). 

In  the  S.  W.  i,  sec.  25,  same  township,  this  diabase  has  all  grad- 
uated into  a  rock  that  is  very  plainly  gneiss;  and  going  a  little  farther 
south  across  the  strike  it  is  still  further  changed  into  thin-bedded 
gneiss  and  finally  into  mica  schist  with  the  ordinary  strike  and  dip. 

In  the  S.  E  i  of  S.  W.  i,  sec  25, 71-23,  is  a  high  bare  knob  of  mica 
schist.  It  contains  a  quartz  vein  three  or  four  feet  thick  running 
across  the  beds.  There  are  also  beds  containing  an  unknown,  heavy, 
black  mineral.    No.  150  (H). 
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In  the  S.  E.  i  of  S.  E.  i,  sec.  25,  71-23,  the  shore  is  composed  of 
dioryte  (?).  This  becomes  finer  toward  the  south  until  it  graduates 
into  doleryte  or  trap.  Then  comes  a  fine-grained,  thin-bedded,  green 
schist  dipping  north  at  a  high  angle  and  witl)  a  strike  N.  80^  E.  Its 
contact  with  the  doleryte  is  abrupt  and  irregular.  The  hills  rise  75 
feet  above  the  lake  and  are  almost  bare.  The  schist  is  quite  siliceous 
and  finely  micaceous.  No.  151  (H).  This  dyke  seems  to  be  the  con- 
tinuation of  the  large  one  mentioned  above,  but  is  narrower  here. 

In  the  8.  W.  i,  sec.  30,  71-22,  the  mica  schist  is  conglomeritic, 
containing  innumerable  flattened  pebbles  and  boulders  all  changed 
into  rock  very  similar  to  the  schist.     No.  152  (H).    There  is  also  a  v 

greenish  mica  schist  here  that  is  very  smooth  and  even  in  its  compo- 
sition and  seems  to  be  in  thicker  beds  than  the  rest.  No.  153  (H). 
'  A  little  farther  east  in  sec.  30,  71-22,  the  schist  assumes  the  appear- 
ance of  a  decided  conglomerate,  containing  pebbles  of  granite, 
quartzyte  and  schist  as  large  as  eight  inches  in  diameter.  On  a 
smooth  surface  they  show  very  plainly.  No.  154  (H).  Some  of  the 
beds  of  schist  are  light-colored  and  are  more  like  gneiss.  No.  155  (H)> 
Some  of  the  schist  also  contains  hydromica  in  place  of  mica. 

In  the  S.  E.  i,  sec.  30,  71-22,  the  schist  contains  less  and  less  mica 
ontil  it  becomes  almost  a  fine  granulyte  or  quartzyte.  Nos  166  (H), 
156  A  (H)  and  156  B  (H).  Near  the  east  side  of  sec.  29.  71-22,  the 
glaciation  is  N.  60*  E. 

There  is  a  great  deal  of  hydromica  schist  on  an  island  in  the  N.  E. 
i  sec.  32,  71-22.  For  a  mile  or  two  west  of  here  the  bluffs  40  feet  high 
are  composed  of  light'colored  siliceous  schist.  At  this  place  the  schist 
is  very  fine  and  hydromicaceous,  and  contains  beds  of  the  light-color- 
ed schist.    Dip  is  N.  45^    No.  157  (H). 

The  point  in  the  north  half  of  sec.  33,  71-22,  is  composed  of  mica  ^ 

schist  that  rises  50  feet  above  the  lake.    It  stands  in  vertical  strata. 

The  point  in  S.  E.  i  of  N.  W.  i.  sec.  33,  71-22,  contains  two  or 
three  quartz  veins,  one  three  feet  thick,  running  with  the  bedding  N. 
48^  E.  The  schist  stands  on  edge.  It  contains  beds  of  hard  gneissoid 
rock. 

In  the  S.  W.  i  of  S.  W.  i.  sec  34,  71-22,  the  strike  of  ths  schist  is 
east  and  west.  Some  of  it  is  beautifully  fine  and  soft;  and  some  is 
folded  and  wrinkled  in  parallel  beds.  The  dip  is  north  at  a  high 
angle. 

Along  the  west  side  of  sec.  3,  70-22,  the  schist  is  in  thin,  straight 
beds  dipping  north  at  a  lower  angle  than  usual.     There  are  also  beds 
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of  gneiss  in  it  and  numerous  quartz  veins.     The  general  strike  is 
about  E;  dip  is  N.  50^ 

In  the  N,  E.  i  of  N.  W.  i,  sec.  10,  70-22,  is  an  outcrop  of  gneiss 
showing  for  several  rods  along  the  shore.  It  contains  irregular 
patches  of  hard,  coarse,  hornblendic  mica  schist.  The  gneiss  has  an 
irregular  contact  with  the  schist  and  encloses  some  of  it.  The  schist 
on  the  east  side  of  the  gneiss  dips  N.  40° — 50^  No.  158  (H).  Strike  is 
E.  40°  S.  In  the  east  half  of  sec.  10,  the  strike  veers  around  until  it  is 
E.  70°  S.  and  even  E.  80°  S.  This  schist  is  thick-bedded  and  dips  N. 
E.  40°. 

The  round  point  in  the  S.  i  sec.  10,  70-22,  is  composed  of  a  gneissoid 
mica  schist  very  much  jointed.     Strike  is  E.  40°  S. 

Mica  schist  is  exposed  in  S.  W.  i  sec.  13,  70-22.  It  is  quite  feld- 
spathic,  soft  and  crumbling.  There  are  very  few  exposures  in  this  bay 
which  is  called  Black  Bay  by  the  white  settlers  of  the  region,  and 
Wazushkatabiwi,  or  Bat  Hoot  lake  by  the  Indians.  Most  of  its  shores 
are  marshy  and  the  bay  itself  is  full  of  rushes  and  rice. 

Near  the  east  side  of  sec.  18,  70-22,  the  schistose  gneiss  strikes  east 
and  dips  N.  48°.  A  good  portage  of  about  a  mile  connects  Black  Bay 
with  Eabetogamak  {the  lake  that  lies  along  the  aide).  On  the  portage 
in  sec.  19,70-21,  ridges  of  gneissoid  mica  schist  are  crossed  which 
trend  N.  70o  to  N.  SO**  E.    No.  160  (H). 

In  the  N.  W.  i  of  S.  E.  i  of  the  same  section  mica  schist  occurs 
interbedded  with  coarse  gneiss.     Strike  N.  70''  E.     Dip  N.  58^. 

In  the  S.  E.  i  of  S.  W.  i  sec.  27,  70-18  the  beds  of  schist  have  a  dip 
S.  80°;  strike  is  N.  84°  E.  The  point  near  the  center  of  S.  W.  i  sec. 
27,  70-18  is  made  of  perfectly  straight  parallel  beds  of  schist  standing 
nearly  vertical.  There  are  alsc)  a  few  beds  of  gneiss.  Some  of  the 
beds  have  a  high  dip  to  the  south.  No.  176  (H)  from  this  place  con- 
tains green  muscovite. 

Biotite,  muscovite  schist  is  found  in  N.  W.  i  of  N.  E  i,  sec.  28,  70- 
18,  dipping  S.  76°.  Strike  is  E.  There  are  narrow  beds  of  gneiss, 
granite  intrusions  and  quartz  veins  iA  the  schist  here. 

In  the  S.  E.  i  of  S.  W.  i  sec.  21,  70-18,  the  schist  dips  S.  73°.  It 
contains  a  few  thin  beds  of  gneiss.  Olaciation  is  N.  40°  E.  Strike  is 
N.  88°  E.  Boulders  are  numerous  here.  No.  178  (H).  A  little  way 
north  is  a  granite  intrusion  that  cuts  the  beds  of  schist  considerably. 
It  is  four  feet  thick  and  contains  coarse  orthoclase  and  muscovite  like 
the  regular  beds  of  gneiss.  A  few  rods  further  north  is  another  in- 
trusion of  granite  having  a  general  direction  N.  50°  E.  .  It  is  quite 
coarse  and  is  porphyritic  in  places.  There  is  a  gneissoid  structure  run- 
52 
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ning  directly  across  the  intrusion,  the  minerals  and  the  weathering 
both  showing  it  plainly.    No.  179  (H). 

The  schists  north  of  this  for  some  distance  are  not  so  regular,  bat 
jSLve  more  thickly  bedded.  They  weather  into  irregular  lumps  and  not 
into  thin  sheets  as  usual.  There  are  occasional  narrow,  winding  in- 
trusions of  granite  about  six  inches  thick,  that  seem  to  be  filled  with 
muscovite  in  plates  half  an  inch  to  an  inch  in  length. 

In  the  N.  W.  i  of  S.  W.  i,  sec.  21,  70-18,  are  numerous  intrusions, 
all  having  a  general  trend  of  N.  50*'E.— N.  GO^'E.  They  generally 
have  a  dip  similar  to  the  schist.  They  frequently  contain  large 
orthoclase  crystals  which  have  quartz  in  them,  thus  forming  a  graphic 
rgranite.  No.  180A  (H).  Some  of  the  schist  contains  red  beds  in 
which  all  of  the  ingredients  have  a  reddish  tinge. 

Occasionally  the  intrusions  are  quite  gneissic.  No.  182  (H)  is  a 
sample  from  one  of  them  that  winds  around  and  cuts  across  the  beds 
-of  schisty  and  is  finally  pinched  down  from  thirty  inches  to  two  inches 
in  thickness.  Some  of  these  intrusions  are  garnetiferous.  No. 
188  (H). 

There  is  a  small  rock  island  in  the  S.  E.  i  of  S.  W.  i,  sec.  21, 
70-18,  that  seems  to  form  part  of  a  very  large  granite  intrusion.  It 
runs  across  to  the  north  end  of  the  larger  island  east  of  it,  where  it  is 
about  70  feet  wide.  It  trends  N.  55°E.  It  is  composed  mainly  of 
graphic  granite,  which  contains  coarse  muscovite  and  garnets  and  be- 
•comes  gneissoid  in  places.  No.  184  (H).  There  are  also'  large  and 
small  masses  and  bunches  of  silvery  or  light-greenish  quartz  and 
mica  in  fine  grains  and  scales,  arranged  in  fibrous  rays.  It  occors  in 
-considerable  quantities  in  this  locality.  No.  184A  (H).  Perhaps  ths 
term  **greisen'*  might  be  applied  to  this  rock. 

Beds  of  gneiss  are  seen  in  S.  E.  i  sec.  20,  70-18,  having  a  very  gneiss- 
oid appearance  and  striking  N.  GO''  E.  They  also  contain  the  peculiar 
masses  of  quari;^  and  muscovite.     No.  186  (H). 

Just  east  of  the  last  the  schist  is  remarkably  straight  and  smooth. 
Strike  is  N.  88**  E.    Dip  S.  80^ 

On  the  point  in  the  S.  E.  corner  of  S.  W.  i  of  S.  W.  i,  sec.  20,  70- 
18  is  a  curious  example  of  the  way  in  which  the  granite  intrusions  cot 
the  schist  and  twist  about  in  it. 

The  beds  of  gneiss  are  quite  coarse  and  contain  considerable  quarts 
and  muscovite.  The  orthoclase  is  yellow.  The  schist  aboutas'aauaL 
Strike  N.  84*^  E. 

In  the  N.  W.  i  S.  E.  i,  sec.  19,  70-18,  are  more  large  and  small  beds 
•of  gneiss.    I^ome  of  them  conform  with  the  strike  of  the  schist  here. 
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Fig.  8.      Gneiss  and  mica  schist  cut  by  granite^  L.  Kabetogamak^ 

S.  E.  i  sec.  31,  70-21. 

The  beds  of  gneiss  are  qaite  coarse  and  contain  considerable  quartz 
and  muscovite.  The  ortlioclase  is  yellow.  The  schist  about  as  usuil. 
Strike  N.  84«  E. 

In  the  N.  W.  i,  S.  E.  ^,  sec.  19,  70-18,  are  more  large  and  small  beds 
of  gneiss.  Some  of  them  conform  with  the  strike  of  the  schist  here. 
It  is  a  little  singular  that  all  the  intrusions  observed  for  several  miles 
«ast  of  here  have  a  general  tr^nd  N.  60^  E.  and  the  schist  N.  80^  E. 
Here  the  schist  strikes  N.  74""  E.  and  dips  S.  80°.  The  beds  or  intru- 
sions of  gneiss  still  contain  considerable  quantities  of  the  above  men- 
tioned radiated  quartz  and  muscovite. 

At  this  place  is  a  bed  of  gneiss  that  cuts  across  the  schist  for  some 
distance,  then  comes  into  conformity  with  it  and  all  at  once  splits  up 
into  thin  beds  an  inch  or  two  thick  and  becomes  lost  in  the  schist.  It 
was  over  two  feet  wide  at  the  start  and  maintained  its  thickness  until 
it  divided.  These  intrusions  or  beds  of  gneiss — for  either  name  seems 
to  fit  at  times, — frequently  enclose  long  strips  of  schist  which  some- 
times maintain  their  usual  strike  and  sometimes  take  that  of  the  sur- 
rounding and  enclosing  rock.  Glaciation  is  N.  44<>  E  Some  of  the 
grooves  in  the  schist  are  half  an  inch  deep  and  an  inch  wide. 

Sometimes  the  gneiss  laps  over  and  lies  upon  the  edges  of  a  good 
many  beds  of  schist  as  if  it  had  been  squeezed  up  and  out,  and  had 
flowed  over.    Most  of  it  is  porphyritic. 

In  the  S.  W.  i  of  S.  W.  i  sec.  19,  70-18,  the  schist  occurs  in  beds 
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which  average  about  two  feet  thick  and  strike  N.  74°  E,  with  a  dip  S. 
82^  It  is  uniform  and  regular.  There  are  large  intrusions  of  granite 
running  through  it,  N.  40"^  E.  Part  of  the  west  side  of  a  bluff  has 
fallen  into  the  lake  and  left  a  fresh  break  showing  graphic  granite 
containing  muscovite  Each  individual  crystal  of  orthoclase  seems  to 
contain  quartz  grains  running  in  the  same  direction  through  it  ac- 
cording  to  some  cleavage  or  other  natural  tendency  in  the  feldspar. 
Two  crystals  of  orthoclase  are  never  seen  side  by  side  with  the  quarts; 
running  the  same  way  in  both;  but  in  each  individual  however  large 
the  quartz  ^'characters"  are  all  parallel  or  at  right  angles  to  each  oth* 
er.    No.  187  (H).  I 

In  the  S.  E.  i  sec.  24.  70-19,  the  schist  rises  in  bluffs  twenty -five  feet 
above  the  lake.  There  is  also  much  gneiss  here.  Some  of  it  contains 
large  quantities  of  immense  biotite  scales.  The  strike  of  the  schist 
here  is  N.  74""  E,  dip  is  S.  74^  The  schist  here  is  regular  and  uninter- 
rupted in  perfectly  even,  thick  beds  for  one  hundred  feet  at  a  time. 
Glacial  striations  N.  46''  E. 

The  point  at  the  south  line  of  S.  E.  i,  sec.  23,  70-19,  is  composed  of 
gneiss  containing  much  of  the  quartz  and  mica  masses  and  graphic 
granite.    No.  188  (H)  is  from  a  mass  of  the  former  two  feet  long. 

The  N.  E.  i  t>f  N.  E.  i,  sec.  27,  70-19,  is  composed  of  mica  schist, 
with  a  strike  N.  76°E  and  dip  S.  80^«  and  large  beds  of  gneiss. 
Glaciation  is  north  50^E.  A  little  east  of  here  the  straight  walls  of 
mica  schist  and,  in  one  place  of  gneiss,  rise  up  thirty  feet  from  the 
water's  edge,  covered  with  moss  and  lichens.  The  trees  are  mostly  a 
thick  growth  of  small  spruce  and  Jack  pine. 

The  point  in  the  S.  W.  i  of  sec.  23,  70-19,  is  composed  of  mica 
schist  and  gneiss.  The  latter  in  full  of  radiated  masses  of  quarts  and 
mica  in  fine,  glistening  scales.  It  seems  to  have  been  poshed  over  ^' 
the  beds  of  schist  in  a  plastic  condition  and  to  have  a  sort  of  horizon- 
tal gneissoid  structure.  It  is  quite  coarse,  and  is  porphyritic  in 
places.    The  strike  of  the  schist  is  N.  84^£. 

Fine-grained  patches  are  often  seen  in  these  intrusions  or  beds  of 
gneiss.  The  fine  parts  are  often  porphyritic,  with  perfect  orthoclase 
crystals  six  to  ten  inches  across.  Frequently  there  are  beds  of 
pebbles  and  accumulations  of  boulders  on  a  point  or  in  some  recess 
where  there  is  a  large  bed  of  gneiss.  These  pebbles  and  boulders  are 
principally  of  the  same  rock  as  that  directly  beneath  and  around 
them;  and  seem  to  have  been  formed  right  there  by  the  action  of  frost 
and  waves  of  the  lake.    No.  190  (H). 

The  rock  in  N.  W.  i  sec.  20,  70*19,  is  principally  mica  schist. 
Strike  is  N.  70^  E.    Dip  S.  80^  in  thick  beds.    No.  191  (H).    There 
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^re  hard  nodules  in  it,  as  there  are  most  everywhere,  that  stand  out 
in  knohs  and  sheets  and  all  sorts  of  odd  shapes  on  weathered  surfaces. 
It  also  seems  to  be  cut  by  hard  veins  of  matter  which  cross  themselves 
and  make  a  net-work  of  little  ridges  on  the  weathered  surfaces.  Thej 
do  not  seem  to  have  any  influence  on  the  cleavage  of  the  rock. 

In  the  S.  E.  i  sec.  19,  70-19,  there  is  a  bed  of  chloritic  (?)'  mica 
schist  in  the  other  schist.  It  is  four  or  five  feet  thick  and  contains 
much  black  mica  in  scales.  It  is  cut  ofiF  by  an  intrusion  of  granite 
which  crosses  the  east  end  of  it;  and  hidden  by  the  lake  on  the  west. 
Its  general  trend  is  N.  80°  £.  No.  192  (H).  There  are  hard  veins  run- 
ning through  it  that  seem  to  have  been  gneissoid,  but  now  contain 
hornblende  or  chlorite  and  but  little  mica. 

The  point  of  the  island  in  S.  E.  i  of  N.  E.  i,  sec.  24,  70-20,  is  com- 
posed of  garnetiferous  gneiss,  porphyritic  with  very  large  orthoclase, 
and  containing  quantities  of  the  masses  of  mica  scales  and  quartz 
grains.     AH  of  the  large  orthoclase  crystals  are  pegmatitic. 

The  mica  schist  in  the  S.  W.  i  of  N.  E.  i,  sec.  23,  70-20,  strikes  E. 
40*^8  ;  dips  S.  W.  78^;  and  has  glacial  marks  N.  46^E.  It  is  in 
thick  beds,  and  the  mica  is  biotite.  There  are  beds  of  porphyritic 
gneiss  here  as  everywhere  in  this  region,  only  this  has  more  of  the 
radiated  accumulations  of  mica  and  quartz.  There  is  often  a  decidedly 
gneissic  structure  in  these  beds,  but  they  are  generally  without  it. 

The  schist  in  the  N.  E.  i  of  S.  E.  i,  sec.  16,  70-20,  is  quite  thick- 
bedded*  in  nearly  vertical  strata.  Strike,  N.  80^E.  Glaciation,  N. 
45^E.  There  are  but  few  granite  intrusions  in  this  region,  and  the 
shores  are  lower  and  frequently  covered  with  vegetation  down  to  the 
water's  edge.  The  lake  at  this  time  was  unusually  high.  Streams  of 
water  were  pouring  into  it  on  all  sides  from  places  where  usually 
there  is  no  stream  at  all.  There  was  a  cascade  over  each  bluff,  and  a 
roaring  little  torrent  down  each  ravine. 

In  the  N.  E.  i  of  N.  W.  i,  sec.  15.  70-20,  the  schist  lies  flat,  in 
thin  laminsB  or  plates.  For  several  rods  along  the  water's  edge  the 
flat  schist  lies  piled  up  six  or  eight  feet  above  the  water,  like  slabs  in 
a  wood  pile. .  No.  193  (H).  This  continues  around  the  point  for 
some  distance,  becoming  thicker  and  coarser.  From  here  it  goes  on 
to  the  S.  E.  i  of  S.  W.  i,  sec.  10  in  a  rather  confused  and  disturbed 
way,  now  dipping  north,  now  south  and  now  lying  flat.  This  seems 
to  be  the  middle  of  an  anticlinal,— and,  in  fact,  the  dip  soon  becomes 
permanently  to  the  north.  Beds  of  gneiss  are  still  seen  in  the  schist, 
but  here  they  too  are  broken  and  discontinuous.  Around  the  point 
farther,  beds  of  schist  two  and  three  feet  thick  dip  N.  40^^  to  N.  60?. 
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Strike  is  N.  80^E.    Some  of  the  schist  here  is  very  rich  in  garnets. 
Nos.  194  (H)  and  194A  (H). 

On  the  N.  E.  i  of  N.  E.  f  sec.  16,  and  S.  E.  i  of  S.  E  i  sec.  9, 70- 
20,  the  schist  is  flat  again.  It  rises  twenty  feet  above  the  lake.  There 
is  a  bed  of  gneiss  which  has  come  np  through  with  a  dip  N.  60^;  and 
there  are  other  small  granite  intrusions  that  lie  flat  and  cut  through 
the  gneiss  for  several  rods. 

In  the  S.  W.  i  of  S.  E.  i  sec.  9,  70-20  is  a  bed  of  gneiss  three  feet 
thick  that  lies  on  the  top  of  flat  beds  of  schist  all  the  way  aroand  the 
point. 

In  the  S.  W.  i,  of  S.  W.  i  sec.  9,  70-20  the  schist  is  still  distorted 
and  contains  garnets  and  considerable  biotite.  The  granite  intrusions 
run  more  irregularly  than  usual  through  the  schist  in  this  supposed 
middle  of  an  anticlinal.  The  shores  are  all  much  lower  here  than  fur- 
ther  east;  and  are  inclined  to  be  marshy.  Veins  of  white  quartz  two 
or  three  feet  thick  are  common  in  this  locality. 

The  schist  in  the  S.  i  of  sec.  7,  70-20  has  a  north  dip  varying  from 
60*"  to  80^.  The  strike  is  E.  It  is  a  little  harder  here  than  usual  and 
contains  quartz  veins  and  garnets.  The  bedding  is  wavy.  No.  197  (H). 

In  the  N.  E.  i  of  N.  E.  i  of  sec.  12,  70-21,  is  the  first  large  bed  of 
gneiss  that  occurs  along  here  for  several  miles.  It  embraces  several 
masses  of  schist.  It  is  porphyritic  and  quite  gneissic  and  contains 
much  peculiar  green  mica,  especially  near  the  contact  with  the  schist. 
It  also  contains  a  few  garnets  and  has  quartz  veins  penetrating  it. 
The  scl\ist  near  it  has  a  strike  N.  80^,  and  a  low  dip  to  the  north. 
Nos.  198  (H)  and  198A  (H). 

In  the  N.  E.  i  of  N.  W.  i,  sec.  12, 70-21  the  schist  rises  about  thirty- 
five  feet  above  the  lake.  It  strikes  N.  70^  E.  Long,  grayish-blue  crys* 
tals  of  cyanite  are  found  in  some  quartzose  veins  near  the  water's  edge. 
Some  of  the  blades  of  this  mineral  are  six  inches  long.  No.  199  (H). 

The  schist  in  the  S.  E.  iof  S.  W.  i,  sec.  1,  70-21,  contains  many 
quartzose  beds  and  one  or  two  veins  of  quartz.  There  are  numerous 
garnets  in  these  beds.     No.  200  (H.) 

The  walls  of  schist  on  the  north  side  of  the  bay,  in  sec.  1,  70-21, 
have  glacial  scratches  along  the  smooth,  perpendicular  sides  in  all 
directions,  but  the  majority  are  nearly  horizontal.  Sometimes  the 
mark  curves  around  a  point  or  corner  of  the  rock  and  continues  on 
the  other  side  as  if  the  ice  conformed  to  the  outlines  of  the  rocky 
surface  and  walls. 

The  mica  schist  in  the  N.  E.  i,  sec.  6,  70-20,  is  in  thick  beds  that 
strike  N.  70^E  and  dip  N.  35^  to  38'^.  Long,  low  reefs  of  this  rock 
run  out  into  the  lake,  aud  the  shores  are  low.     Few  or  no  granite  or 
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gneiss'  beds  are  to  be  seea  in  this  region.  The  sehist  is  exceedingly 
uniform  in  the  appearance  and  composition  of  its  strata. 
ItfThe  south  side  of  the  point  in  sections  31,  32  and  33,  71-20^  is  com- 
posed of  mica  schist  in  beds  of  different  degrees  of  hardness  and 
amount  of  mica,  but  which  have  a  general  sameness  of  appearance. 
At  the  end  of  the  point  is  some  porphjritic  gneiss  in  beds  running 
about  N.  50^E.  The  general  strike  of  the  schist  is  N.  TO^E;  the  dip 
N.  35^.  In  places  there  is  a  jointage  structure  that  crosses  the  bed- 
ding and  divides  the  schist  into  angular  plates  and  prismatic  forms. 
The  south  side  of  this  point  presents  the  long  beds  broken  off  in  a 
succession  of  rows  that  resemble  walls  of  masonry  slanting  a  little  to 
the  north.  The  schist  on  the  north  side  of  the  point  in  S*  E.  i  of  N. 
W.  i,  sec.  33,  71-20,  strikes  N.  80*?E.,  and  dips  N.  52*^.  No.  201  (H). 
Small  quartz  veins  occur  in  it,  running  with  the  strike.  The  mica  in 
some  of  the  schist  is  in  spots,  and  gives  the  rock  a  mottled  appearance. 

No.  203  (H)  is  hard  mica  schist  from  S.  W.  i,  sec.  29,  71-20.  It 
strikes  N.  76^E.  and  dips  N.  60^,  more  or  less.  The  schist  here  has- 
some  appearance  of  being  conglomeritic.  It  is  in  very  thick  masses 
that  do  not  show  any  banded  structure,  as  some  of  the  sehist  does. 
A  little  further  west,  in  the  N.  W.  i  of  S.  W.  i,  sec.  29,  71-20.  there 
are  beds  of  schist  that  are  hydro-micaceous,  and  have  a  wayy  struct- 
i^e  running  with  the  bedding.     No.  204  (H). 

Some  of  the  beds  in  the  tnica  schist  in  the  S.  W.  i  of  S.  E.  i,  sec. 
26,  71-21,  are  quite  siliceous,  with  finely  granular  quartz.  Ne.  205 
(H).  The  beds  here  are  vertical,  or  have  a  high  dip  to  the  north,  and 
the  strike  is  about  N.  80"^  E.,  but  is  becoming  irregular  and  broken. 
No  beds  of  gneiss  are  seen  in  the  schist  here.  Quartz  veins  are  numer- 
ous. 

On  the  point  in  the  S.  E.  i  of  N.  W.  i,  sec.  35, 71-21,  the  mica  schist 
changes  gradually  into  a  rock  composed  principally  of  augite  (?).  It 
has  no  apparent  bedding  and  is  quite  massive  for  a  short  distance.  The 
continuation  of  it  is  lost  in  the  water.  This  change  takes  place  in 
going  across  the  strike  from  north  to  south,  the  strike  being  about  E. 
Some  of  this  massive  rock  contains  glassy  quartz  in  veins.  The  schist 
here  is  finely  banded  and  dips  N.  72^.  Nos.  206  (H)  to  206  F  (H)  are 
from  this  place. 

The  point  in  the  S.  W.  i  of  N.  E.  i,  sec.  34,  71-21,  is  composed  of 
evenly-bedded  mica  schist.  Strike  N.  86°  E.  dip  N.  74®.  Qlaciation 
N.  64®  E.  There  are  no  beds  of  gneiss  here;  but  quartz  veins  eight 
inches  to  two  feet  thick,  running  with  the  bedding  are  frequent.  These 
veins  are  sometimes  connected  by  cross-veins. 
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The  schist  in  the  S.  W.  i  of  the  N.  W.  i,  sec.  84,  71-21,  contains 
both  mica  and  hydromica.  Strike  is  N.  84^  E.  Many  of  the  strata 
have  reddish  veins  of  quartz  running  with  the  strike  and  scattered  all 
through  the  bed.     The  schist  is  also  garnetiferous.     No.  207  (H). 

Some  beds  in  the  schist  on  the  point  in  the  S.  W.  i  of  N.  W.  i,  sec. 
33,  71-21,  are  lighter  colored  and  more  siliceous  than  usual.  Strike  is 
N.  SO^'  E. ;  dip  is  about  vertical.  No.  208  (H).  The  schist  in  this  im- 
mediate vicinity  is  very  thin  bedded;  and  where  the  sheets  have  fallen 
over  into  the  lake  overlapping  each  other  they  look  like  shingles  on  a 
roof.  These  siliceous  beds  became  felsitic  in  the  N.  W.  i  of  N.  E.  i, 
sec.  32,  71-21.     Strike  is  N.  74°  E..  dip  S.  60^     No.  209  (H), 

No.  210  (H)  is  a  sample  of  mica  schist  from  the  S.  E.  i  of  N.  W.  h 
sec.  32,  71-21.  The  beds  here  are  about  vertical;  strike  N.  74*"  E. 
Quartz  veins  are  numerous,  and  boulders,  of  which  we  have  seen  very 
few  if  any  in  the  last  three  townships,  are  becoming  more  plentiful. 

In  the  N.  E.  i  of  N.  W.  i,  sec.  31,  71-21,  the  schist  is  cut  slightly 
by  a  greenstone  dyke  six  inches  thick.  The  direction  of  the  schist  is 
about  E.  lO"*  S.  and  that  of  the  dyke  is  E.,  although  it  curves.  No. 
211  (H).  This  is  the  first  greenstone  dyke  seen  since  coming  into 
this  lake  from  Eabetogamak. 

In  the  N.  E.  i  of  N.  W.  i,  sec.  31,  71-21,  the  schist  contains  several 
beds  of  a  light  color  that  seem  to  be  composed  of  small  rounded  quarts 
grains,  biotite  scales  and  larger  scales  of  some  opaque  mineral,  proba- 
bly feldspar.  The  strike  here  is  N.  74°  E.  The  schist  is  also  hydro- 
micaceous.  These  light  colored  beds  vary  fropi  an  inch  to  two  feet  in 
thickness.  Nos.  212  (H),  212A  (H)  and  212B  (H).  In  the  N.  E.  i 
sec.  36,71-22,  there  are  more  of  these  siliceous  beds  in  the  schist;  some 
of  them  are  felsitic  and  some  sericitic. 

The  schist  in  the  S.  E.  i  of  S.  E.  i,  sec.  24,  71-22.  contains  both 
mica  and  hydromica.  It  becomes  more  fissile  and  wavy  in  its  struct- 
ure toward  the  west,  and  in  the  S.  W.  i  of  S.  W.  i,  sec.  28,  71-23,  it 
is  very  schistose.  Here  there  are  many  quartz  veins  in  it,  and  little 
streaks  of  lighter-colored  feldspathic  beds.  The  dip  at  this  place  is 
nocth;  while  a  short  distance  east  of  here  it  is  distinctly  to  the  south. 
Strike  is  about  N.  74°  E.  There  are  numerous  thin  felsitic  beds  in 
the  schist  here. 

A  light-colored,  siliceous  schist  is  found  on  an  island  in  the  S.  E.  i. 
sec.  28,  71-22.  It  is  quite  hard«  and  does  not  weather  easily.  Strike 
is  N.  84°  E.     Glaciation,  N.  52°  E. 

The  south  side  of  the  island,  in  the  N.  E.  i  of  S.  W.  i,  sec.  28, 


STATE  GEOLOGIST.  425 

71-22,  is  composed  of  siliceoas  schist  that  strikes  east,  and  stands  in 
yertical  beds.  I 

The  east  end  of  the  island,  in  the  S.  E.  i,  sec.  19,  71-22,  is  com- 
posed of  hydromica  schist,  varying  to  gray wacke,  and  even  to  a  harder, 
semi-crystalline  rock,  containing  chalcedonic  quartz,  opaque  feldspar 
and  pyrites.  The  general  strike  is  about  east;  dip  is  north  to  vertical. 
Some  of  the  schist  is  very  fissile,  and  some  has  almost  lost  its  schistose 
appearance.  Some  of  it  seems  to  be  chloritic;  and  all  of  it  contains 
considerable  carbonate  of  lime  in  the  seams,  and  to  a  certain  extent 
in  the  rock  itself.    No.  216  (H). 

In  the  N.  ^.  i  of  S.  E.  i,  sec.  19,  71-22,  on  the  south  side  of  the 
large  island,  the  schist  is  diabasic,  and  assumes  a  jointed  structure; 
but  the  schistose  structure  is  still  everywhere  apparent.  Strike  is  N. 
74''  E.;  dip  north  at  a  high  angle.    No.  217  (H). 

No.  218  (H)  is  from  the  south  side  of  the  island,  about  a  quarter  of 
a  mile  west  of  last.  It  is  hydromica  schist,  that  dips  north,  and 
forms  the  highest  part  of  the  coast  in  this  place.  It  is  quite  schistose, 
and  contains  many  small  veins  of  quartz.    Strike  is  about  N.  76°  E. 

Mica  schist  is  again  found  in  the  S.  W.  i  of  S.  E.  i,  sec.  24,  71-23. 
It  contains  also  a  little  hydrated  mica.  Strike  is  about  N.  70^  E-.; 
dip  at  a  high  angle  to  the  north.  Light-colored,'  feldspathic  mica 
schist,  somewhat  stained  with  iron  rust,  is  found  in  the  S.  E  i  of  S. 
W.  i  of  the  same  section. 

In  the  S.  W.  i  of  S.  W.  i,  sec  24,  71-23,  is  a  ridge  of  doleryte  that 
becomes  very  coarse  near  the  top  and  middle  of  the  ridge.  It  has  an 
irregular,  abrupt  contact  with  the  mica  schist  on  the  north.  The 
general  direction  of  the  contact  is  N.  80^E.  It  rises  thirty-five  feet 
above  the  lake,  and  is  very  solid  and  massive.  Glaciation  is  N.^60^E. 
No.  220  (H). 

On  the  point  of  the  S.  E.  i  of  S.  E.  i,  sec.  23,  71-28,  this  doleryte 
rises  in  hills  at  least  eighty  feet  above  the  water.  It  is  an  exceed- 
ingly tough  rock,  and  causes  the  needle  to  point  south.  It  seems  to 
be  cut  by  veins  or  ''dykelets"  of  fine  trap  in  places.  There  is  a  coarse 
jointage  structure  running  about  north.  This  structure  is  also  seen 
in  the  hardened  mica  schist  which  lies  at  the  east  side  of  the  dyke. 
Nos.  221  (H)  and  222  (H). 

No.  223  (H)  is  from  the  S.  W.  i  of  S.  W.  i,  sec.  23,  71-22.  It  is 
hard,  greenish  schist,  which  strikes  N.  75°£.  It  appears  to  be  semi- 
crystallized.  It  lies  between  mica  schist  on  the  south  and  hydromica 
schist  on  the  north. 

58 


426  BIXTSENtH    AKNDAL   REPORT 

KABBIOQAMAK 

On  the  portage  in  sec.  19,  70-21,  ridges  of  gneissoid  mica  schist  are 
crossed  which  trend  N.  WE.  to  N.  SCE.  In  the  N.  W.  i  of  S.  E.  t, 
sec.  30,  70-21,  is  mica  schist  mixed  with  coarse  ftneiss.  Strike  is  N. 
TO'E;  dip  N.  58". 

The  small  island  in  the  S.  W.  i  of  S.  E.  i,  aec.  30,  70-21.  is  com- 
posed of  interbedded  mica  scbiat  and  gneiss.  The  gneiss  ia  quite 
coarse,  is  muscovitic  and  lies  in  thick  beds.  It  contains  also  a  little 
biotite.    No.  161  (H). 

The  mica  schist  in  this  region  is  often  cut  by  beds  or  veins  of  black 
mica  schist  that  weathers  sooner  than  the  rest  of  the  schist.  The 
gneiss  coatains  pyrite  and  some  small  crystals  of  a  black  mineral  like 
tourmaline.    It  also  contains  irregular  patches  of  the  schist. 

The  point  in  the  N.  E.  i.  sec.  31,  70-21,  is  composed  of  interbedded 
gneiss  and  mica  schist.  The  gneiss  is  often  very  coarse,  containing 
mica  crystals  four  inches  long,  and  orthoclase  six  inches  across.  No. 
165  (H).  Both  schist  and  gneiss  are  cut  by  intrusiona  of  granite  rnn- 
ning  in  all  directions.  The  general  strike  is  N.  70°E;  dip  N.  45°  to 
50'. 

The  S.  E.  i  of  sec.  31,  70-21,  contains  a  point  nearly  bare  of  vege- 
tation, composed  of  rounded  knobs  of  gneiss  and  mica  i^chist  cut  by 
granite  intrusions.  Some  of  the  orthoc'ase  crystals  tn  the  gneiss 
measure  ten  inches  in  length.  The  strike  of  the  gneiss  and  schist  is 
N.  SO'^E.  The  following  diagram  shows  how  the  granite  cuts  the 
mica  schist. 


Pig.  9.     Mica  schist  cut  by  granite.    Rainy  lakf,  S.  W.  i,  sec.  20, 70-16. 
In  the  N.  E.  i  of  N.  W.  1,  sec  6,  69-21,  is  a  bold  bluff  of  gneiss. 
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containing  some  mica  schist.  It  is  pegmatitic  also.  No.  162  (H). 
The  gneiss  is  very  coarse,  and  contains  large  crystals  of  muscovite. 
It  is  a  little  peculiar  that  the  mica  schist,  which  is  found  in  patches 
all  through  this  gneiss,  contains  chiefly  biotite  mica;  while  the  gneiss 
contains  muscovite.  There  is  some  muscovite,  however,  in  the  schist, 
and  a  little  biotite  ia  the  gneiss.  No  163  (H).  The  graphic  granite 
here  seems  to  be  crystals  of  orthoclase,  two  feet  or  more  in  length, 
containing  quartz  The  surface  of  each  mass  of  feldspar  has  one 
common  cleavage,  and  reflects  the  sun  as  if  it  were  one  flat  surface. 

Mica  schist  and  gneiss  are  seen  in  the  N.  E.  i  of  N.  W.  i,  sec.  8, 
69-21.  Strike  is  N  80^  E.  There  seems  to  be  a  tendency  in  all  of 
this  gneiss  for  the  difi^erent  constituents  to  separate  from  each  other, 
and  to  collect  as  much  as  possible  by  themselves.  • 

Gneiss  and  schist  are  found  in  the  N.  E.  i  of  the  N.  W.  i,  sec.  17, 
69-21.  Strike  is  N.  80°  E.  Dip  is  north,  at  a  high  angle.  When  the 
beds  of  gneiss  are  thin  the  crystals  are  smaller  than  in  the  thick  beds. 

Where  the  line  between  sees.  20  and  21,  69-21,  crosses  the  shore-line 
there  is  a  round  hill  of  gneiss  and  mica  schist  that  rises  at  least  fifty 
feet  above  the  lake.  The  feldspar  weathers  white  on  the  surface,  and 
makes  the  rock  quite  dazzling  in  the  sun.  There  is  less  mica  in  the 
gneiss  here;  but  the  beds  and  included  masses  of  mica  schist  are  quite 
common.  The  strike  is  N.  70''  to  N.  80''  E.  Dip  still  to  the  north. 
No  boulders  are  seen  at  the  west  end  of  this  lake. 

Gneiss  and  mica  schist,  with  an  east  and  west  strike  and  a  dip  N. 
1«°  to  30%  occurs  in  the  N.  E.  i  of  N.  W.  i,  sec.  27,  69-21.  A  few 
boulders  lie  along  the  shore  here;  but  no  drift  covers  the  rock  hills. 
Mountain  ash  trees  are  first  noticed  at  this  place. 

In  the  S.  W.  i,  sec.  25,  69-21,  the  gneiss  and  schist  still  have  a  low 
north  dip,  15^-30%  The  gneiss  is  sometimes  porphyritic,  and  contains 
very  black  biotite     No.  164  (H). 

In  the  N.  W.  i  of  N.  W,  i,  sec.  80,  69-20,  gneiss  and  mica  schist 
occur  in  interbedded,  thin,  wavy  or  folded  strata.  Strike  is  E.  50°  S. 
to  E.  80°  S..  and  with  a  low  dip  of  less  than  45^  to  the  east.  The  char- 
acter of  the  rock  remains  unchanged  for  a  long  distance  east  of  here. 
It  is  always  gneiss  and  mica  schist  in  more  or  less  distorted  beds. 
Much  of  the  gneiss  is  porphyritic,  and  contains  large  scales  of  both 
biotite  and  muscovite.  The  quartz  is  often  chalcedonic.  Most  all  of 
the  large  orthoclase  crystals  contain  quartz,  being  thus  pegmatitic. 
The  beds  become  too  much  bent  and  twisted  for  any  general  strike  or 
dip  to  be  noted.     The  country  is  more  wooded  and  hilly,  and  the  rock 
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comes  down  close  to  the  water  ia  perpendicular  bluffs,  over  twenty- 

fiye  feet  high. 
There  is  such  a  mixture  in  the  rocks  that  beds  of  any  considerable 

length  are  not  to  be  seen.    Masses  round,  square,  oblong,  irregular, 

thin,  thick  and  in  fact  all  shapes  and  sizes  of  mica  schist  are  seen  in 

the  gneiss  where  the  gneiss  predominates,  and  of  gneiss  in  the  schist 

where  the  schist  is  the  main  rock. 
Sometimes  the  strata  lie  in  wavy,  horizontal  beds,  and  sometimes 

they  stand  nearly  vertical.  The  gneiss  is  frequently  porphyritic,  and 
occasionally  rock  that  approximates  mica  schist  rather  than  gneiss  is 
porphyritic  with  feldspar  crystals  two  or  three  inches  long.  The  trees 
are  Norway  pine,  white  pine.  Bank's  pine,  spruce,  balsam-fir,  birch, 
aspen,  great-toothed  poplar,  mountain  ash,  white  cedar,  willow,  ash 
and  elm. 

In  the  N.  E.  i,  sec.  80,  69-19,  there  are  beds  of  schist  and  gneiss 
that  seem  to  be  more  regular,  and  have  the  usual  strike  and  high  dip 
to  the  north.  The  country  through  here  is  much  wilder  than  thai 
farther  west.  There  is  considerable  good  pine  on  the  shores  of  the 
lake.  The  rock  hills  generally  rise  to  a  hight  of  fifty  feet  or  more 
above  the  lake. 

Mr.  Trussell  examined  the, north  shore  of  Kabetogamak,  through 
Twp.  69-20,  up  to  Namekan,  in  Twp.  69-19.  The  formation  is  all  the 
same — gneiss  and  mica  schist  in  irregular  beds.  One  specimen  from 
the  north  side  containing  much  biotite  is  No.  166  (H). 

NAMEKAN  LAKE. 

The  west  end  of  Namekan  or  Sturgeon  lake  is  yery  beautiful. 
There  are  numerous  points  and  islands,  all  heavily  wooded  down  to 
the  water's  edge.  The  hills  rise  higher,  too,  in  this  region,  and  the 
bluffs  have  a  bolder  aspect.  The  rock  is  the  usual  gneiss  and  mica 
schist,  the  latter  generally  quite  soft  and  crumbling,  so  that  the 
gneiss  is  the  rock  that  is  most  seen  in  all  exposures. 

In  the  S.  E.  i  of  S.  W  i,  sec.  26,  69-19,  the  gneiss  and  schist  risea 
seventy-five  feet  in  perpendicular  bluffs,  from  which  many  large 
pieces  have  fallen  down  into  the  lake  and  left  overhanging  crags  that 
have  quite  a  picturesque  appearance.  There  are  pine  and  spruce  trees 
growing  in  every  available  crack  and  crevice  of  the  solid  rock. 

In  the  S.  W.  i  of  S  W.  i,  sec.  28,  69-19,  the  rock  is  more  gneissoid 
than  usual,  and  contains  but  little  schist.  It  rises  twenty-five  feet  to 
fifty  feet  above  the  lake  on  the  islands  and  points  in  this  locality.  It 
is  cut  and  re-cut  by  granite  intrusions,  but  no  trap  or  dioryte  dykes 
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are  seen  ou  this  lake.  Nos.  167  (H)  and  168  (H).  The  strike  ia  N. 
W.  i  of  S.  E.  i,  sec.  30,  69-18,  is  E.  70°  S.;  dip  E.  45**  to  60^ 

In  the  S.  E.  i  of  S  W.  i,  sec.  28,  69-18,  the  strike  is  more  regalar 
and  has  returned  to  its  general  direction,  N.  70*^— N.  80**E.,  with  a 
high  dip  N.  Many  mica  schist  beds  occur  in  the  gneiss,  and  serve  to 
show  the  strike  and  dip  better  than  the  gneiss  does. 

The  gneiss  in  the  S.  W.  i,  sec.  26,  69-18,  is  fine  and  red,  and  con- 
tains very  few  beds  of  mica  schist.  There  is  a  coarse,  schistose 
structure  running  E.  60°S      No.  169  (H). 

In  the  N.  W.  i,  sec.  31,  69-17,  the  rock  is  almost  pure  mica  schist. 
There  are  a  few  beds  of  gneiss,  but  the  rock  is  largely  schist,  in  thin, 
Htraight  beds.  Some  of  the  strata  are  nearly  horizontal,  and  some 
dip  60^  or  more  to  the  east.  The  flat  beds  are  folded  and  bent  con- 
siderably. 

In  the  S.  W.  i,  sec.  28,  69-17,  the  gneiss  begins  to  appear  again  in 
thick  beds,  but  the  schist  still  predominated.  The  strike  of  the  gneiss 
is  about  east  and  west,  with  a  dip  N.  40^. 

On  the  west  side  of  the  island,  in  the  S.  E.  i  of  N.  W.  i,  sec.  29, 
69-17,  is  a  bed  or  dyke  of  dioryte  about  twenty  feet  thick.    No. 

170  (H). 

The  channel  of  the  stream  which  flows  from  Sand  Points  lake  into 
Namekan  lake  is  one  of  the  most  pfcturesqud  spots  seen  in  this 
region.  The  stream  is  deep  and  narrow,  and  runs  between  rugged 
bluffs  of  mica  schist.  The  hills  are  covered  with  pine  and  the  rocks 
with  a  luxuriant  growth  of  lichens.  The  rocky  walls  are  almost  con- 
tinuous enough  to  deserve  the  name  of  dalles.'*  They  are  all  of 
mica  schist  having  a  general  strike  about  east  and  west,  and  dipping 
about  N,  45^.  There  are  occasional  beds  of  gneiss  and  veins  of 
quartz. 

The  rock  on  the  island  in  the  S.  E.  i  of  N.  W.  i,  sec.  21,  69-18,  is 
gneiss  and  mica  schist.  The  gneiss  is  fine-grained,  and  contains  ir- 
regular masses  of  the  schist.     It  is  only  slightly  foliated.      No. 

171  (H). 

The  entrance  to  Rainy  lake  is  quite  intricate,  and  is  hard  to  find,  as 
well  as  hard  to  keep  when  found.  The  plats  do  not  follow  the  regular 
€anoe  route  for  the  boundary,  but  take  the  north  channel  between 
Namekan  and  Rainy  lakes,  where  a  canoe  seldom  goes,  because  of  the 
longer  portage. 

There  are  two  falls  between,  these  lakes.  The  southern  one  is  a 
chute  of  about  nine  feet,  over  mica  schist.  There  is  a  good  portage  of 
about  two  hundred  paces  on  the  south  side. 
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The  rock  in  this  region  is  mica  schist^  with  beds  of  gneiss.  It  is 
quite  regalar  in  bedding,  strike  and  dip.  Strike  is  N.  80"*  E.  Dip 
about  N.^SO".  The  beds  of  gneiss  are  quite  generally  in  conformity 
with  the  schist;  but  sometimes  cut  it  a  little.    No.  172  (H). 

The  north  fall  is  about  the  same  hight  in  one  chute  as  the  south 
fall.  It  is  over  fine,  hard,  brittle  mica  schist.  No.  173  (H.)  The 
schist  is  very  evenly  bedded,  and  stands  nearly  on  edge.  Strike  is  N. 
86*>  E.  Dip,  N.  84°.  Qlaciation,  N.  30°  E.  The  gneiss  beds  are  very 
uniform,  and  are  conformable  with  the  schist..  It  is  generally  coarse, 
and  contains  garnets.  Some  of  it,  however,  is  quite  fine,  and  shows  the 
gneissic  structure  well.     The  mica  in  the  schist  is  mostly  biotite;  that  i 

in  the  gneiss  is  muscovite.     Some  of  the  schist  is  hydromicaceous. 
No.  176  (H). 

BIG  FORK  RITER. 

This  river  should  really  be  called  Bowstring  river,  inasmuch  as  the 
Indian  name  Pisachabani  signifies  that,  and  it  comes  from  Bowstring 
lake. 

No  rock  is  seen  on  Rainy  Lake  river  between  the  mouths  of  the 
Little  Fork  and  Big  Fork  rivers,  which  are  only  six  miles  apart. 
Stratified,  sandy  clay  is  seen  in  the  banks  ten  and  even  twenty  feet 
above  the  river.    A  few  limestone  boulders  are  to  be  seen. 

The  banks  of  the  Big  Fork  for  the  first  three  miles  up  the  stream 
are  not  more  than  five  feet  high.  No  rock  in  place  nor  boulders  are 
seen.  Then  the  banks  become  higher  and  in  places  are  twelve  feet  to 
fifteen  feet  high,  composed  of  stratified  sand  ivnd  clay.  The  water  is 
dark  and  the  river  has  a  smaller  volume  than  the  Little  Fork. 

The  stratified  clay  banks  have  in  them  beds  containing  pebbles  of 
gneiss  and  other  rocks;  they  also  contain  very  fine  clayey  layers.    On  ^ 

top  is  generally  a  few  inches  of  loose  sand  or  soil.  About  seven  miles 
up  the  river  the  clay  banks  are  seen  to  contain  quantities  of  fresh- 
water shells.  No.  224  (H)  is  clay  in  which  these  shells  are  imbedded. 
It  was  taken  out  of  a  bank  about  fifteen  feet  above  the  water  in  the 
river  and  five  feet  from  the  top  of  the  bank.  The  whole  bank  is  made 
of  the  stratified  clay;  and  as  far  as  could  be  seen  contained  fragments 
of  shells,  as  well  as  boulders  and  pebbles. 

There  is  a  very  swift  current  in  this  river.  Boulders  begin  to  be 
numerous  at  about  two  miles  up  the  river,  and  pieces  of  Cretaceous 
shale  are  seen  on  the  bank.  Small  fragments  of  limestone  too,  are 
frequently  seen.  The  trees  noticed  in  the  first  ten  miles  are  as  fol- 
lows :  Plenty  of  large  hardwood  timber  of  all  the  varieties  meationedy 
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basswood,  soft  maple,  elm,  black  ash,  white  ash,  white  oak,  aspen, 
white  birch,  balm  of  Gilead.  box  elder,  three  varieties  of  willow,  iron- 
wood,  Cottonwood,  spruce,  white  cedar,  Norway  pine,  Jack  pine,  moun- 
tain maple,  dogwood,  cherry,  alder  and  June  berry.  The  banks 
become  higher  in  the  next  ten  miles,  and  groves  of  fine  Norway  pine 
are  seen  at  intervals.  The  water  was  so  high  that  no  short  rapids 
were  noticed;  it  was  all  one  long  rapid. 

The  neighboring  country  is  quite  flat  and  a  good  share  of  it  is 
swampy.  There  are  chances  for  many  fine  farms  along  this  stream. 
The  river  bed  seems  to  be  paved  with  boulders,  and  there  is  much 
gravel  in  the  banks,  which  are  all  composed  of  stratified  drift.  They 
are  covered  with  vegetation,  part  of  which  was  overflowed  by  the  high 
water. 

About  27  miles  above  the  mouth  of  the  river  the  first  rapid  is  en- 
countered. At  this  place  a  large  mass  of  gneiss  and  mica  schist 
protrudes  from  the  water.  It  may  not  be  in  place.  Boulders  are  very 
numerous  The  banks  are  lower,  being  seldom  more  than  ten  or 
twelve  feet  high.  They  are  all,  so  far  as  could  be  seen,  composed  of 
stratified  sandy  clay  containing  pebbles  and  boulders.  There  are 
many  fragments  of  limestone  and  Cretaceous  shale.  No  large  masses 
of  limestone  were  seen;  but  there  may  be  plenty  of  them  which  would  ^ 
be  exposed  in  the  bed  of  the  river  at  times  of  low  water.  Much  fine 
pine  has  been  stolen  along  this  river,  and  still  a  great  deal  remains. 

Passing  two  or  three  quite  rapid  places  in  the  river,  the  first  exposure* 
of  rock  was  found  at  a  rapid  which^fiows  between  banks  30  feet  high 
on  the  east  side  of  the  river,  and  40  feet  high  on  the  west.  This  is 
about  33  miles  up  the  river.  The  rock  is  trap;  and  no  other  rock  can 
be  found  on  either  side  of  it.  It  is  seen  only  on  the  east  bank  of  the 
river  where  there  is  a  large  exposure  of  it  about  12  feet  across  and  6 
feet  above  the  river.    No.  226  (H). 

The  banks  contain  gravel  and  sandy  clay  and  appear  to  be  stratified. 
The  many  springs  which  issue  from  the  banks  near  the  bottom  indicate 
that  the  Cretaceous  underlies  them.  Pieces  of  this  shale  are  seen  in 
the  banks  up  to  the  top. 

Several  tall  trees  were  ascended  for  the  purpose  of  viewing  the  sur- 
rounding country.     It  was  seen  to  be  all  of  one  general  level. 

Opimabonowin  river  enters  on  the  west  side,  about  thirty-seven 
miles  up  the  river.  There  is  a  rapid  over  boulders  up  this  river  a 
short  distance.  Above  the  mouth  of  this  river,  on  the  Big  Fork, 
rapids  are  of  frequent  occurrence  for  four  miles,  when  the  "Big  Palls** 
are  reached.     This  is  not  one  perpendicular  fall,   but  consists   of 
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rapids  and  one  or  two  steep  chutes.  It  was  so  hemmed  in  and  covered 
by  a  "jam"  of  logs  that  it  could  not  be  measared,  but  it  was  esti- 
mated that  the  fall  is  not  more  than  twenty  feet  in  one-eighth  mile. 

The  rock  is  gneiss  and  mica  schist,  which  is  cut  at  the  head  of  the 
falls  by  a  trap  dyke  at  least  twenty  feet  wide.  A  quarter  of  a  mile 
below  the  falls  mica  schist  and  gneiss  are  seen  to  outcrop  in  the 
river.  The  strike  is  N.  68^E;  dip  south  at  a  high  angle.  No.  227 
(H).  At  the  falls  the  rock  is  so  much  disturbed  that  no  strike  or  dip 
can  be  ascertained.  The  general  direction  of  the  dyke  seems  to  be 
N.  10*^E.    Nos.  228  (H)  to  230  (H). 

The  falls  are  about  forty-one  miles  up  the  river,  in  sec.  869  or  sec.  i 

35,  155-25.    The  water  above  the  falls  is  quiet  for  five  or  six  miles. 

The  banks  and  surrounding  country  for  a  short  distance  above  are 
low  and  flat.  Then  the  banks  become  higher  and  are  occasionally 
thirty  feet  high;  whether  stratified  or  not  could  not  be  ascertained. 

Less  than  a  mile  above  the  falls  is  an  outcrop  in  the  river  of  gneiss 
and  mica  schist.  The  strike  appears  to  be  E.  50''  S.  Dip  S.  W.  at  a 
high  angle.     No.  231  (H). 

For  the  next  nine  miles  the  river  is  still  with  a  moderately  strong 
current.  The  banks  are  not  over  fifteen  feet  high;  generally  less  than 
ten.  They  consist  of  stratified  clay  containing  pebbles.  A  meander 
corner  at  the  south  side  of  sec.  34,  65-26,  shows  this  place  to  be 
thirty-two  miles,  in  a  straight  line,  south  of  the  mouth  of  the  river. 
It  is  estimated  at  fifty-five  miles  by  river. 

In  one  or  two  places  large  masses  of  gneiss  and  mica  schist  are  seen 
in  the  river  just  under  the  water.  They  may  be  in  place.  Limestone 
and  Cretaceous  shale  are  seen  in  small  pieces  in  the  banks.  There  is 
much  good  hard*wood  timber,  plenty  of  immense  poplar  and  some  large 
pine  along  the  river.     It  is  a  good  country  for  farming. 

About  eight  miles  farther  is  a  bank  where  the  clay  beds  are  exposed. 
They  consist  of  fine  hard  clay  containing  pebbles  and  a  few  boulders. 
The  bank  rises  fifteen  feet  above  the  stream.  Fragments  of  limestone 
and  bluish-gray  shale  are  seen  in  it.  No.  232  (fl).  A  meander  corner 
is  seen  at  the  east  line  sec.  1,  152-25,  which  is  sixty-four  miles  up  the 
•  river.  Very  few  boulders  were  seen  in  the  banks  for  ten  or  fifteen 
miles  along  here.  The  river  is  remarkably  straight,  much  more  so 
than  the  Little  Fork.  A  stream  enters  on  the  east  side  at  about  sixty- 
two  miles. 

For  the  next  few  miles  (about  seven)  there  is  more  current  and  the 
stream  is  more  crooked  than  below.  A  stream  enters  on  the  west 
side  at  about  67  miles.     No  rock  in  place  has  been  seen  for  miles. 
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The  banks  are  all  stratified  clay  containing  gravel.  Boulders  begin 
to  be  more  frequent.  The  banks  are  low  and  heavily  wooded,  and 
contain  limestone  and  shale. 

About  fire  miles  farther  is  a  rapid  and  an  outcrop  of  fine  mica  schist 
projecting  a  few  inches  above  the  water  in  the  stream.  This  is  about 
72  miles  up  the  river.  The  schist  is  scratched  and  smoothed  in  vari- 
ous directions,  the  main  part  of  them  being  N.  10^  E  and  N.  30*  W. 
One  or  two  small  veins  of  gneiss  cut  the  schist.  This  broad  smooth 
exposure  would  be  hidden  if  the  water  were  a  few  inches  higher,  as  the 
river  is  so  muddy  that  nothing  can  be  seen  four  inches  below  the  sur- 
face. No.  233  (H).  The  course  of  the  river  along  here  is  considerably 
east  of  south  and  much  more  crooked  than  before.  A  short  distance 
above  the  last  is  much  more  mica  schist.  It  has  a  strike  N.  6&*  E.  and 
very  marked  glacial  scratches  N.  60°  W.  It  is  quite  hard  in  places 
and  contains  hornblende  and  chlorite,  also  garnets.  The  dip  is  N.  W. 
at  a  high  angle.  ^ 

A  little  farther  up  the  river  on  the  east  side  the  strike  changes  to 
N.  40^^  E.  A  dyke  is  then  seen  which  is  about  ten  feet  wide  and  runs 
nearly  north  and  south.  The  schist  is  hard,  fine,  siliceous  and  brittle 
next  the  dyke.    Nos.  234  (H)  and  235  (H). 

On  the  right  (west)  side  of  the  river  is  a  bed  of  light-colored  crys- 
talline rock,  with  the  constituents  of  granite.  Only  a  few  feet  of  it 
were  visible;  but  it  seemed  to  be  three  or  four  feet  wide  and  to  cut 
the  schist.    Nos.  236  (H)  and  237  (H). 

The  banks  continue  to  be  low.  They  contain  but  little  gravel  and 
few  boulders  though  the  presence  of  quantities  of  both  in  the  bed  of 
the  stream  is  evidenced  by  the  frequent  collisions  between  them  and 
our  paddles.  The  clay  banks  are  about  ten  feet  high,  of  hard  clay, 
with  pebbles  scattered  through  it.  In  some  of  the  banks  there  is  a 
stratum  a  few  inches  thick  of  gravel  and  boulders  about  three  feet 
from  the  top  of  the  bank. 

About  five  and  a  half  or  six  miles  farther  up  the  stream  is  a  rapid 
and  at  the  bead  of  it  is  a  low  outcrop  of  hard  greenish  rock.  No 
strike  or  dip  can  be  ascertained  from  the  small  amount  visible.  No. 
238  (H).  This  ia  about  78  miles  up  stream,  and  42  miles  above  the 
falls.  The  river  is  very  crooked  and  still  tends  eastward.  About  a 
mile  farther  is  a  rapid  in  which  no  rock  was  seen  but  boulders. 

About  a  mile  and  a  half  farther,  in  which  distance  there  is  consid- 
erable rapid  water  and  a  large  number  of  boulders,  is  seen  a  fall  in 
the  river  of  about  five  feet.  The  rock  is  a  hard,  tough  greenstone  that 
has  the  appearance  of  trap.     Portions  of  it  have  been  moved  on  other 
54 
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parts  and  produced  a  slickensides  and  faint  lines  of  schistosity. 
There  are  quartz  veins  in  it,  and  also  veins  of  light-colored  siliceous 
rock  and  of  calcite.  The  rock  exposure  is  a  hundred  feat  wide  at 
least  in  any  direction.  Its  longest  outcrop  is  across  the  river  about 
N.  8O0E.     Nos.  239  (H)  to  239D  (H). 

About  40  rods  above  the  falls  south  is  an  outcrop  of  a  hard  green 
rock  similar  to  that  at  the  falls.  It  might  be  called  very  fine  diabase, 
but  looks  like  the  fine  gray  wacke  of  Vermilion  lake.  No  strike  or 
general  structure  of  any  kind  could  be  observed.     No.  240  (H). 

A  sharp  lookout  was  kept  in  the  next  seven  or  eight  miles  for  Nor- 
wood's ''ridge  of  gneiss"/  sixty  feet  high,  crossing  the  river.   No  ridge  I 
of  any  sort  can   be  seen  from  the  river,  and  no  banks  over  twenty 
feet  high.    Few  boulders  are  seen  in  this  distance. 

At  the  end  of  seven  and  a  half  miles,  the  foot  of  a  rapid  nearly  one 
half  a  mile  long  is  reached.  At  the  foot  of  it  is  a  bank  of  gravel  and 
sand.  It  is  a  very  different  sort  of  bank  from  those  seen  below  here. 
It  is  stratified,  or  partially  so,  but  not  horizontally  nor  all  in  the  same 
direction.  It  looks  like  a  stratified  river  deposit.  Under  it  crops  oat  a 
little  tine  bluish-gray  clay,  of  which  only  a  foot  or  two  can  be  seen. 
This  is  supposed  to  be  Cretaceous.  No.  241  (H).  There  are  many 
limestone  pebbles  in  the  bank,  above  the  clay,  but  no  shale  is  seen  in 
it. 

This  rapid  is  over  an  immense  number  of  boulders.  Most  of  them 
are  hornblendic  gneiss,  but  other  rocks  are  frequent.  Many  of  the 
boulders  are  large  and  stick  up  several  feet  above  the  water.  A 
short  distance  up  the  rapid  is  a  small  island  which  seems  to  be  made 
of  boulders  and  is  covered  with  trees  and  bushes.  All  the  rock  that 
could  be  found  on  or  around  the  edges  of  this  island  was  boulders. 
This  may  be  the  "rock  island*'  mentioned  by  Norwood.*    A  speci*  v' 

men  from  one  of  the  syenite  boulders  17  feet  long,  7  feet  wide  and  4 
feet  thick,  is  No.  242  (H). 

Above  the  rapids  quantities  of  boulders  are  seen ;  while  below  only 
a  few  were  encountered.  The  country  does  not  seem  to  be  of  one  gen- 
eral level  as  before,  but  is  knoUy.  The  banks  are  of  sand  and  gravel 
and  contain  much  more  gravel  than  those  below  the  rapids.  This  is 
about  95  miles  up  the  river,  probably  in  Twp.  62-25.  It  seems  prob- 
able  that  the  rapid  mentioned  above  is  on  the  boundary  or  shore  of 
he  glacial  lake  Agassiz,  and  that  all  of  the  river  below  this  rapid  is 
included  in  the  ancient  basin. 


*  D.  D.  Oweo*«  Geol.  Sar.  Wis.  and  MIno.,  18S2. 
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Five  mile^  farther  up  is  an  Indian  clearing  and  house.  This  is  on 
what  is  called  Baskokagin  Indian  reservation.     Twp.  62-25. 

The  country  appears  to  consist  of  knolls  of  till.  Quantities  of 
boulders  obstruct  the  stream  and  form  rapids  at  every  bend. 

Deer  river  enters  the  Big  Fork  just  above  the  Indian's  clearing. 
Four  or  five  miles  up  Deer  river  is  a  dam  and  logging  camp.  The  bed 
of  Deer  river  contains  hard,  polished  beds  of  stratified  clay.  The 
banks  are  somewhat  clayey,  but  mostly  gravel  and  sand. 

The  drift  knolls  rise  thirty  to  fifty  feet  in  the  country  away  from 
the  river  and  are  covered  with  large  pine.  The  drift  contains  many 
limestone  pebbles. 

In  the  bed  of  Deer  river  at  a  dam  about  half  a  mile  from  the  Big 
Fork  bed  rock  was  seen.  It  is  hard,  green  schist,  that  looks  like 
greenstone.  Some  of  it  contains  mica  in  very  fine  scales.  The  rock 
seen  right  at  the  dam  did  not  contain  any  mica;  that  farther  east  did* 
Strike  N.  36^— N.  40<'  £.  Dip  about  vertical.  Glacial  scratches  N. 
80^  W.  to  W.    No.  243  (H). 

About  three  miles  up  the  Big  Fork  from  the  mouth  of  Deer  river  is 
a  hard  round  exposure  of  green  rock  on  the  east  side  of  the  river.  It 
contains  pyrite  in  cubes.  It  also  contains  nodules  of  a  light-yellow- 
ish color,  some  of  them  two  inches  in  diameter.  They  seem  to  be 
feldspathic,  and  this  may  be  the  rock  that  Norwood  calls  "  porphyritic 
greenstone.'**  No  island  such  as  he  describes  containing '* horn- 
blende slate  "  has  been  seen.  Glaciation  here  is  east  and  west.  No. 
244  (H).  This  is  about  104  miles  up  the  river.  This  rock  much  re- 
sembles the  slates  and  greenstones  at  Thomson  south  of  Duluth. « The 
country  is  well  covered  with  drift  here — the  river  bluffs  rising  fifty  or 
sixty  feet  above  this  outcrop  of  rock. 

About  two  and  one-half  miles  farther  is  an  exposure  of  rock  in  a 
small  island  on  the  west  side  of  the  river.  It  is  hard,  jointed,  green 
rock,  much  like  the  last.  It  contains  considerable  calcite  in  seams. 
No.  245  (H.) 

Less  than  a  mile  above  the  last  is  a  quantity  of  large,  broken  frag- 
ments of  rock  which  seem  to  have  been  broken  by  blasting.  It  is 
trap  or  dioryte  and  varies  in  texture  in  going  from  north  to  south. 

About  five  miles  farther  is  a  small  exposure  of  a  peculiar  greenish 
rock.  It  is  at  the  foot  of  Rice  River  rapids,  three  and  one-half  miles 
below  Rice  river,  which  enters  the  Big  Fork  on  the  east  about  fifteen 
miles  above  the  mouth  of  Deer  river. 

This  rock  looks  almost  like  a  metamorphosed  conglomerate.     It  ie 

•  D.  D.  Owta*t  OMl.  Sir.  Wii.  and  Mioo.  18&^ 
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feldspathic  and  becomes  felsitic  a  little  farther  south.  It  shows  only 
at  the  edge  of  the  river,  and  specimens  had  to  be  obtained  from  under 
water. 

About  fifteen  rods  up,  on  the  east  side,  is  another  small  outcrop  of 
rock.  This  is  hornblendic,  epidotic  rock  that  varies  to  syenite  or 
dioryte  and  then  to  amphibolyte.  It  is  quite  a  remarkable  change 
from  green  schist  to  syenite.  Nos.  247  (H),  248  (B),  248A  (H)  and 
248B  (H)  illustrate  this  transition  which  takes  place  going  south.  At 
this  place  a  portage  of  three-quarters  of  a  mile  was  made  around  a 
log  jam  in  the  river. 

A  short  distance  farther  up  the  river,  on  the  same  side,  is  another       i 
small  exposure.     This  is  feldspatic  greenstone,  quite  jointed  and  hard 
t^  get  at.    No.  249  (H). 

About  seven  miles  farther  up  the  river,  120  miles  above  Rainy  Lake 
river,  is  a  ridge  of  quartz  dioryte  on  the  N.  W.  side  of  the  stream. 
It  looks  much  like  the  rock  into  which  the  greenstone  grades  below 
here.    No.  250  (H). 

The  river  banks  along  here  are  lower  and  are  swampy  and  marshy. 
Boulders  are  plentiful  This  is  at  the  west  side  of  section  SO,  61-26. 
A  short  distance  above  the  last  locality,  which  is  N.  40^  to  N.  60"^  £. 
of  this,  is  more  similar  rock  on  both  sides  of  the  river.  This  is  in  the 
«ast  side  of  section  25,  61-27.  The  exposures  rise  but  a  little  above 
the  water.    The  feldspar  is  green  and  red. 

About  four  miles  farther  are  some  large  angular  pieces  projecting 
from  the  water  and  some  rock  in  the  bed  of  the  stream  which  seems 
to  b^  solid  rock.  This  is  a  peculiar  porphyritic  rock  that  is  almo.<it 
wholly  made  of  feldspar;  but  contains  a  little  green  material,  perhaps 
■chlorite  or  sericite.    No.  261  (H). 

About  three  miles  above  this  is  an  outcropping  of  dioryte  (?)  on  < 
both  sides  of  the  river.  It  rises  four  or  five  feet  out  of  water  and  ex* 
tends  nearly  across  the  stream.  It  is  No.  252  (H),  quite  similar  to 
250  (H).  It  is  very  siliceous  and  contains  quartz  geodes.  No.  252 
A  (H).  Qlaciation  N.  52°  W.  Twenty-four  rods  east  in  the  woods 
the  rock  is  finer  grained  and  looks  more  like  syenite.     No.  253  (H). 

Around  the  next  bend  in  the  river  is  a  large  exposure  of  rook  which 
rises  15  feet  or  more  above  the  water.  Some  of  it  is  syenite  and  some 
looks  more  like  dioryte.  No.  254  (H).  This  a  large  outcrop  of  mas- 
sive feldspathic  rock  that  thus  appears  to  be  the  direct  product  of 
alteration  or  metamorphism  from  the  hardened  green  schists  seen 
north  of  here.  These  schists  become  gradually  feldspathic,  hornblendic 
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and  siliceous,  aad  develop  into  regular  syenite.    This  is  the  last  rock 
observed  in  as^^ending  the  Big  Fork  river. 

About  two  miles  above  is  a  rapid  over  boulders.  The  river  is  wind- 
ing and  runs  through  swampy  country  most  of  the  way.  About  a 
mile  farther,  142  miles  from  Rainy  Lake  river,  is  a  meander  corner 
between  sees.  4  and  5,  149-25.  The  land  is  flat  and  marshy,  and  the 
stream  is  nearly  filled  with  manomin  or  wild  rice.  The  river  here  i» 
named  Bowstring  river  on  the  goverment  plats.  It  expands  into  a 
shallow  lake  filled  with  rice,  in  Twp.  149-27.  Much  splendid  pine 
is  seen  on  the  shores  of  this  lake. 

No  boulders  or  solid  rock  are  seen  along  the  shores.  A  few  miles- 
further  is  Eashebushkag  (grass-spots)  lake,  so  called  from  the  large, 
round  bunches  of  tall  grass  that  grow  in  it.  Just  west  of  this  lake  is- 
Bound  lake  (Eawaie-gamak).  After  crossing  this  lake  and  searching 
for  some  time,  a  first-class  portage  is  found  three-fourths  of  a  mile 
long,  leading  into  a  small  lake  whose  outlet  is  to  the  south.  This 
creek  is  very  crooked  and  full  of  rice,  but  has  much  excellent  pine- 
along  its  banks,  as  has  also  Round  Lake  river  and,  Kashebushkag^ 
lake. 

Boulders  are  seen  in  this  creek,  which  flows  south,  through  one  or 
two  small  lakes,  into  Winibigoshish.     Limestone  fragments  are  seen 
in  the  bed  of  this  creek,  and  in  the  bottom  of  the  deep  pools  are  beda^ 
of  extremely  hard,  V^uish  clay.    The  water  was  so  deep  that  nq,  speci- 
mens could  be  procured. 

LAKE  wuaBioosmsH. 

The  shores  of  this  lake  are  low  and  marshy  or  sandy»  with  a  few 
boulders.     Some  limestone  pebbles  are  mixed  with  the  rest. 

At  the  dam  at  the  lower  end  of  the  lake  the  shores  are  twenty-five 
feet  high,  of  stratified  sand. 

MISSISSIPPI  BIVER. 

The  banks  of  the  river  below  lake  Winibigoshish  are  of  sand,  some- 
times twenty-five  feet  high,  and  sustaining  a  good  growth  of  pine. 
A  few  largtf  boulders  of  granite  are  seen  in  the  river.  Probably  most 
of  them  were  taken  up  to  be  used  in  the  dams  above  here. 

It  is  about  55  miles  by  river  to  the  mouth  of  Pokegama  lake.  The 
river  banks  are  generally  of  fine  sand  not  over  ten  or  fifteen  feet  high. 

The  river  valley  varies  in  width  from  half  a  mile  or  less  to  two- 
miles.     Few  boulders  or  pebbles  are  seen. 
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POKEGAMA — (The  lake  tAat  lies  with  one  end  in  the  river). 

The  shores  of  this  lake  are  of  reddish  till  five  feet  to  thirty  feet 
high,  containing  very  few  limestone  pebbles.  Many  boulders  arc 
seen  around  the  islands  and  on  some  of  the  points. 

A  trip  was  made  to  the  south  end  of  the  lake  and  up  on  to  the  ridge 
in  sections  22  and  27,  54-26.  This  ridge  is  covered  with  fine  hard- 
wood timber,  oak,  elm,  yellow  birch  of  immense  size,  sugar  maple, 
etc.  Boulders  and  pebbles  are  numerous  all  the  way  up  the  sides  and 
on  top  of  the  ridge  which  is  probably  17.5  feet  above  Pokegama  lake. 
No  rock  in  place  could  be  seen.  The  ridge  has  the  appearance  of  a 
moraine,  the  trees  that  have  fallen  having  torn  up  boulders  and 
pebbles  and  disclosed  nothing  but  till  below.  iStill  the  solid  rock 
may  be  underneath  at  no  great  distance. 

A  few  large  pieces  of  limestone  are  seen  on  an  island  in  the  lake. 
The  till  is  quite  sandy  and  generally  of  a  reddish-brown  color,  though 
some  of  it  is  decidedly  yellowish.  Pebbles  of  all  ordinary  kinds  of  rock 
are  seen,  and  some  peculiar  varieties  such  as  porphyritic  greenstones 
and  diorytes. 

MISSISSIPPI  RIYES. 

A  short  distance  before  reaching  Pokegama  falls  in  the  N.  E.  i  of 
N.  W.  i  sec.  13,  55-26,  a  ridge  of  quartzyte  is  seen  on  the  south  side 
of  the  river.  It  is  twenty  or  twenty-five  feet  high  and  has  been 
blasted  out  some  to  furnish  rock  for  the  dams. 

This  rock  varies  in  color  from  white  and  yellow  to  green,  red  and 
almost  black;  and  in  texture  from  aphanitic  quartzyte  to  coarsely  gran- 
ular sandstone.  The  general  direction  of  the  ridge  is  between  N.  60'' 
E«  and  N.  SO""  E.  The  top  of  it  is  thinly  covered  by  drift  and  is  on 
about  the  same  level  as  the  land  south  of  it. 

Pokegama  falls  are  over  this  rock.  The  water  here  falls  about  seven 
feet  in  a  slanting  chute.  It  is  said  that  the  falls  were  formerly  much 
higher  and  have  been  much  worn  down  in  the  last  twenty  years.  The 
Indians  call  them  Kakabikag,  (rocky  falls).  They  sometimes  add  a 
diminutive  and  call  them  the  '^Little  Rocky  falls."  This  rock  is  No. 
256  (H).  There  are  round  nodules  of  iron  sesqui-ozide  in  many  of 
the  pieces  that  have  been  blasted  out  at  the  falls.  They  dte  half  an 
inch  to  an  inch  in  diameter,  and  are  more  or  less  hard  and  siliceous. 
No.  257(H).  Some  of  the  rock  at  the  falls  is  exceedingly  soft  and 
will  crumble  in  a  person's  hands.  Most  of  it  is  quite  ferriferous  and 
the  bands  or  lines  of  iron  rust  give  an  appearance  of  stratification  in 
places.    It  appears  to  lie  nearly  flat  with  a  low  dip  to  the  southeast 
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especially  noticeable  where  the  water  has  decomposed  it  considerably^ 
No.  258  (H). 

Portions  of  it  contain  a  fine  red  clay  supposed  to  be  Gatlinite.  This 
occurs  sometimes  in  thin  scales  or  sheets,  sometimes  in  round  or 
angular  lumps  that  evidently  bear  some  relation  to  the  ferruginous 
nodules  mentioned  above.  Specimens  of  the  quartzyte  containing 
Catlinite  (?)  are  No.  259  (H). 

The  drift  below  the  falls  contains  many  boulders.  Grand  rapids  is 
over  boulders  that  have  been  so  much  removed  and  cleared  out  that 
there  is  not  much  of  a  rapid  there  now.  The  upper  part  of  the  bankn 
is  composed  of  sand.  This  rests  on  hard  clay  beds.  Springs  of  cold 
water  come  out  on  top  of  this  clay. 

PKAIBIB  RIYBB. 

This  stream  enters  the  Mississippi  three  miles  below  Grand  Rapids. 
About  a  mile  up  this  river  is  a  long  rapid  over  small  boulders.  No 
solid  rock  is  seen  until  the  first  fall  is  reached  five  miles  above  the 
rapids. 

The  river  has  a  sluggish  current  between  the  rapid  and  the  falls, 
and  but  few  boulders  are  seen  until  nearly  at  the  foot  of  the  falls. 
Here  there  are  many  boulders  of  gneiss  of  all  sizes.  One  boulder  of 
limestone  was  noted.  The  fall  is  a  long  rapid,  which  descends  about 
nineteen  feet.  There  is  one  chute  near  the  top,  of  about  five  feet. 
This  fall  is  in  the  S.  E.  i,  sec.  34,  56-25. 

TastJi.S€C,35, Sac^5l.    T<no^,S6.    Sanguis. 


Pig.  10. — Falls  of  Prairie  river. 
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Solid  rock  is  exposed  on  the  banks  and  in  the  bed  of  the  river  all 
the  way  up  the  rapid,  and  in  the  lake  above,  a  distance  of  about  one 
half  mile.  At  the  foot  of  the  rapid  the  rock  is  red  or  reddish  and 
more  or  less  rasted  with  a  quantity  of  iron  oxide.  Some  of  the  rock 
is  very  good  hematite.  An  analysis  of  ore  [No.  260A  (H)]  from  here, 
made  by  Prof.  J.  A.  Dodge,  resulted  as  follows: 

Silica 8.25  per  cent. 

Alumina Traces. 

Peroxide  of  iron 92.08 

Lime Traces. 

Magnesia Traces. 

Phosphorus ^ 03  |^ 

Sulphur ; 01 

Manganese None. 

Titanium None. 

100.43 

Metalliciron '. 64.45 

thus  **  making  a  first-class  ore,  just  above  the  lower  limit  of  the 
Bessemer  grade.*'  These  red  ferruginous  beds  are  not  exposed  for  a 
thickness  of  more  than  two  or  three  feet.  Some  of  the  rock  is  fine 
enough  to  be  called  jasper. 

Above  this  the  rock  resembles  that  at  Pokegama  falls.  It  is  s^n 
most  of  the  way  up  the  rapids,  and  in  the  woods  on  both  sides.  It  is 
in  horizontal  beds,  which  have  occasional  slopes  in  all  directions,  but 
have  a  general  low  dip  to  the  southeast.  Where  the  rock  is  decom- 
posed it  has  the  same  appearance  as  at  Pokegama  falls.  There  are 
long  scratches  in  the  polished  rock  in  the  bed  of  the  river  that  were 
probably  caused  by  floating  Tee,  log  jams,  etc.*  Their  direction  is 
about  north  and  south. 

About  two-thirds  of  the  way  up  the  rapid  is  a  thin  bed  of  fine  con* 
glomerate  exposed  on  the  surface  for  a  space  of  several  feet.  It  con* 
tains  quartz,  jasper,  and  greenstone  pebbles,  mostly  less  than  half  an 
inch  in  diameter.  No.  262  (H).  Some  jaspery,  hematitic  rock,  found 
about  half  way  up  the  rapid,  which  contains  chalcedonic  quartz,  is 
No.  263  (H). 

There  is  no  doubt  that  there  is  a  limited  quantity  of  good  hematite 
here;  but  it  is  probably  only  in  thin,  horizontal  strata,  perhaps  sep- 
arated from  each  other  by  non-ferruginous  beds,  and  of  course  would 

•At  a  snbeeqnent  visit,  in  October,  1883,  the  rock  was  exposed  mach  better  tban  at  the  time  of  tte 
flrit  examination,  and  the  scratches  were  seen  to  coyer  the  whole  surface  of  the  rock  In  a  nearly  ani- 
form  direction,  and  are  nndoabtedly  glacial  marks. 
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in  that  case  be  valueless.    The  true  state  of  affairs  could  be  determined 
by  a  shaft  or  test-pit. 

The  quartzyte  and  hematite  weather  almost  black.  The  ferrugin- 
ous rock  at  the  foot  of  the  rapids  weathers  red.  At  the  upper  end  of 
the  rapid  in  the  lake  the  quartzyte  contains  the  iron  ore  disseminated 
through  it  in  small  spots.  No.  265  (H).  Several  large,  irregular 
shaped  masses  of  gneiss  at  this  fall  have  the  appearance  of  being  not 
far  transported.  No.  266  (H).  This  was  found  to  be  the  rock  which 
forms  the  '* Upper  Falls." 

About  a  mile  west  of  the  upper  end  of  the  *'  Lower  Falls  "  is  the 
south  end  of  the  ''  Upper  Falls."  This  rapid  is  about  a  quarter  of  a 
fnile  long  and  has  rock  walls  on  each  side  rising  in  places  thirty  or 
forty  feet  and  only  twenty  or  twenty-five  feet  apart  in  one  place.  This 
fall  is  in  the  east  side  of  section  38,  56-25. 

The  rock  at  the  foot  of  the  rapid  is  a  fine-grained,  gray  gneiss  con- 
taining comparatively  little  mica  and  orthoclase.  It  is  nearly  hori- 
zontally stratified  and  varies  from  white  to  reddish  in  color.  It 
changes  in  ascending  the  rapid,  becoming  coarser  and  containing 
more  mica  and  feldspar.  Some  of  it  contains  a  very  red  feldspar;  and 
small  particles  of  sesqnioxide  of  iron  are  seen  in  places.  The  mica  is 
biotite.  The  horizontal  gneissoid  structure  is  very  evident.  Nos. 
267  (H.)  and  268  (H). 

Veins  of  all  thicknesses  up  to  six  inches  of  coarse,  reddish  granite 
cut  the  gneiss  and  run  in  crooked  lines  through  it.  It  contains  both 
muscovite  and  biotite  and  occasionally  garnets*    No.  269  (H). 

There  are  many  cracks  or  joints  running  in  different  directions  but 
principally  north  and  south*    They  appear  to  have  been  caused  by 
pressure  and  slight  movements  of  the  rock  upon  itself.    No.  270  (H) 
Galcite  and  gypsum  are  found  in  some  of  the  seams. 

The  ridges  that  produce  these  falls  run  for  some  distance  on  eacli 
side  of  them  in  a  general  direction  of  about  N.  70°  E.  They  are  more 
or  less  covered  with  a  glacial  drift  containing  many  boulders  and  sup- 
porting a  heavy  growth  of  forest  trees. 

There  is  a  lake  about  a  mile  long  from  east  to  west  between  the  two 
falls.  The  land  between  the  two  ridges  at  each  end  of  the  lake  is  low, 
and  no  solid  rock  is  visible.  The  quartzyte  ridge  can  be  traced  for 
some  distance  on  each  side  of  the  Lower  Fall. 

Going  northeast  from  the  Upper  Fall  through  the  N.  W.  i,  sec.  34 
into  the  S.  E.  i  sec.  27,  56-25,  some  variety  is  noticed  in  the  rock. 

About  half  a  mile  from  the  falls  the  gneiss  has  the  same  general 
appearance  as  at  the  falls,  No.  271  (H). 
5 
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Fig.  n.— Sketch  of  Upper  Falls  Prairie  river.     By  H.  W.  Fair, 
banks. 

There  is  found  a  round  knoll  or  part  of  a  ridge  of  rock  contaittiBf 
lesa  quartz  and  some  hornblende  with  only  a  little  mica.  This  rock  ia 
pale  greenish  in  color.  It  is  in  nearly  horizontal  beds  and  approxi- 
mates syenite  gneiss  rather  than  true  gneiss.  No.  273  (H.)  This- 
rock  has  the  same  red  veins  penetrating  it.     Only  a  few  feet  from  the- 
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last,  the  intervening  space  being  obscared,  is  a  small  exposure  of  a 
dark  green  rock  looking  almost  like  doleryte,  but  hardly  compact 
enough,  and  containing  small  lumps  of  fine  dark  rock  like  argillyte. 
No.  274  (H.) 

In  the  S.  E.  i,  sec.  27,  56-25,  is  found  a  low  ridge  of  slightly  por- 
phyritic  hornblendic  gneiss.  It  is  in  mostly  swampy  land,  with  a  thick 
carpet  of  moss.  The  rock  is  horizontally  stratified,  or  nearly  so.  No. 
275  (H.)  It  is  cut  by  red,  coarse  muscovite  granite.  This  rock  all 
seems  to  have  a  low  dip  to  the  S.  E.  Whether  the  dip  is  sufficient  to 
carry  it  under  the  quartzyte  or  whether  it  extends  any  farther  south 
could  not  be  ascertained.  Much  time  was  spent  in  trying  to  trace  the 
rock  continuously  from  the  quartzyte  to  the  gueiss.  But  there  is  a 
depression  between  the  two  ridges  which  is  occupied  in  part  by  the 
lake,  by  a  swamp  at  the  east  end  of  the  lake  and  a  covering  of  till  at 
the  west  end.  Both  of  these  rocks,  the  quartzyte  and  the  gneiss,  are 
nearly  horizontally  stratified,  both  contain  more  or  less  sesquioxide  of 
iron,  and  both  seem  to  have  a  d>p  which  would  bring  the  quartzyte  on 
top  of  the  gneiss  where  it  would  naturally  belong. 

At  the  upper  side  of  the  ''Upper  Falls*'  the  rock  contains  some  beds 
that  are  quite  hornblendic.  Other  beds  at  the  same  place  consist  of 
hornblende  schist  containing  more  or  less  mica.  These  beds  are  cut 
by  red  granite  veins  and  generally  lie  nearly  flat,  but  sometimes  cut 
the  gneiss  almost  vertically.  The  line  of  separation  between  the  gneiss- 
and  hornblende  schist  is  usually  quite  distinct.  Nos.  276  (H),  277  (H> 
and  --^78  (H). 

At  the  upper  end  of  the  Upper  Falls,  on  the  east  side  near  the  dam,.' 
the  gneiss  changes  into  a  jointed,  coarsely  schistose  rock  that  con- 
tains much  red  feldspar  and  a  greenish-black  mineral,  perhaps  chlo- 
rite. This  rock  seems  in  places  to  constitute  a  bed  cutting  or  running 
through  the  gneiss,  but  the  conclusion  reached  after  careful  examina- 
tion is  that  it  is  in  flat  beds,  and  is  a  belt  harder  than  the  rest  and 
therefore  standing  above  it.  The  gneiss  itself  at  this  point  contains 
considerable  quartz  and  white  and  red  feldspar.     No.  283  (H). 

It  is  noticeable  that  this  gneiss  here  at  Prairie  River  falls  does  not 
have  the  appearance  of  uniform  gneiss.  It  looks  lumpy  and  as  if 
made  from  various  materials.  It  seems  as  though  it  could  easily  be- 
come mica  schist,  hornblende  schist,  graywacke,  quartzyte  or  iron 
ore.  Tendencies  toward  all  these  rocks  are  visible  in  it.  The  most 
permanent  and  generally  prominent  feature  is  the  nearly  flat  gneissia 
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structure.*  The  gneiss  is  much  coarser  at  the  head  of  the  Upper  Falls 
than  at  the  foot. 

Above  the  falls  the  banks  of  Prairie  river  are  composed  of  sand 
containing  more  or  less  gravel.  Boulders  are  numerous  and  produce 
rapids  in  the  river.  The  drift  does  not  seem  to  contain  any  lime- 
stone. Some  of  the  banks  are  of  sand,  fifteen  or  twenty  feet  high. 
There  are  many  springs  of  cold  water  issuing  near  the  bottom  of  these 
banks. 

In  the  S.  E.  i  of  N.  E.  i  sec.  5,  56-24,  gneiss  protrudes  through 
the  moss  and  soil  in  a  swamp.  It  is  in  very  many  rough  angular 
pieces  of  all  sizes  that  seem  to  have  been  split  up  by  the  action  of 
frost.  It  is  all  of  about  the  same  nature,  fine  biotite,  muscovite 
gneiss.     No.  279  (H). 

Quite  a  ridge  of  gneiss  similar  to  the  last  is  seen  in  the  3.  W.  i  of 
S.  W.  i  sec.  4,  56-24.  It  is  found  in  large  masses  that  have  been  split 
apart  to  a  depth  of  ten  feet,  in  places,  by  he  action  .of  frost.  They 
are  somewhat  rounded  and  smoothed  on  top.  No.  280  (H).  This 
locality  may  be  in  the  N.  W.  i  of  N.  W.  i  sec.  9,  56-24.  This  rock 
is  near  the  surface  for  a  quarter  of  a  mile  or  more  south  of  here.  The 
ground  is  high  and  covered  with  a  good  forest.  Knobs  of  granite 
project  here  and  there.  No  trap  rock  was  seen,  though  it  is  marked 
on  the  government  plats. 

4 No.  281  (H)  is  from  the  S.  W.  i,  sec.  33,  57-23.  It  is  gneiss;  the 
rock  lies  in^regular  masses  on  the  surface.  It  appears  to  be  closely 
connected  with  the  bed  rock. 

In  |the  bed]  of  Sucker  brook,  in  sec.  27,  57-24,  is  found  some  fine, 
bluish-gray  clay  in  beds  of  unknown  depth.     No.  282  (H).     Much  of 
this  section  of  the  country  seems  to  be  underlain  by  clay  beds,  as 
springs  of  cold  water  are  very  numerous. 

HIBSISSIPPI  BIYEB. 

I 
In  Twp.  54-24  the  banks  of  the  river  are  25  feet  high  or  more.    They 

are  composed  of  sand  for  15  feet  from  the  surface.     The  rest  of  them 

is  composedjof  fine,  hard  clay,  red  and  blue,  in  thin  beds.    The  top 

beds  of  this  clay  are  red,  and  there  are  also  thin,  red  layers  in  the  blue 

strata  all  the  way  down.    No.  284  (H). 

fll  This  clay  continues  to  form  part  of  the  banks  where  they  are  over 

ten  feet  high  for  twenty  or  thirty  miles  farther  down  the  river  (ten 

miles  below  the  mouth  of  Swan  river,  in  township  52-23).     Most  of  it 

is  bluish-gray  clay  and   is  more  sandy  than  the  red  layers.     A  thin 

^Mr.  Bailey  Willis  ia  vol.  zv,  10th  Ceneas,  p.  460^  describes  this  gaeiss  ss  being  wilhoat  bed  ling. 
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layer  of  fine  sand  separates  each  stratum  of  clay  from  the  ones  next 
to  it.  This  clay  forms  the  bed  of  the  river  in  many  places.  It  is  so 
hard  that  one  can  hardly  stick  a  knife  into  it.  It  is  not  in  perfectly 
horizontal  layers  everywhere,  but  the  strata  undulate  and  have  a 
wavy  appearance  in  places,  and  again  are  flat  or  slightly  inclined. 

A  short  distance,  perhaps  ten  miles,  above  Sand  lake  is  the  first  rapid 
and  first  accumulation  of  boulders  seen  below  Grand  Rapids.  From 
here  down  boulders  are  quite  numerous.  Below  Sand  lake  the  clay 
strata  appear  only  occasionally  and  have  a  slightly  different  aspect, 
containing  more  sand.  The  banks  are  lower  and  all  seem  to  be  al- 
luvial. 

There  were  reports  circulated  at  Grand  Rapids  of  silver  ore  found  in 
township  61-23.  The  locality  was  not  visited,  but  a  sample  of  the 
rock  from  there  was  obtained  of  the  postmaster  at  Grand  Rapids. 
This  was  assayed  by  Mr.  C.  F.  Sidener,  who  reported  **no  gold  or 
silver/* 

TRIP  TO  PELIOAN  LAKE. 

The  rock  in  the  N.  E.  i  of  the  S.  W.  i,  sec.  4,  63-18,  is  gueissic 
mica  schist.  It  is  cut  by  intrusions  of  gneiss  and  syenite  gneiss.  It 
rises  forty  of  fifty  feet  above  the  stream  connecting  Hoodoo  lake  with 
Partridge  lake,  and  above  Hoodoo  lake.  There  is  no  fall  in  the  stream 
between  these  lakes,  which  is  wide  and  dead  water  all  the  way.  No. 
286  (H)  is  from  the  above  mentioned  locality.  There  is  very  little 
rock  exposed  on  the  shore  of  Hoodoo  lake.  The  schist  in  this  region 
has  a  very  gneissic  appearance  and  might  be  called  fine  gneiss  rather 
than  schist.  It  contains  both  muscovite  and  biotite  as  well  as  hydro- 
mica. 

In  the  N.  E.  i  of  S.  E.  i,  sec  5,  63-18,  the  rock  is  schist  containing 
mica  that  is  partly  hydrated.  It  also  contains  some  hornblende  and  is 
very  siliceous.  Small  veins  of  quartz  run  all  through  the  rock  in  the 
direction  of  the  strike.  There  are  also  lenticular  masses  of  quartz  in 
the  schist.  Strike  is  about  E.  20""  S.  Dip  is  S.  70''  to  vertical.  There 
are  intrusions  of  granite  in  the  schist.  Fine  particles  of  pyrite  are 
scattered  through  the  rock.     No.  287  (H). 

A  few  rods  west  of  the  last,  along  the  strike,  the  rock  assumes  a 
more  perpendicular  dip  and  contains  much  chlorite  which  gives  place 
to  hornblende  a  little  farther  west. 

The  schist  here  is  much  jointed  and  is  composed  almost  wholly  of 
hornblende.  It  is  quite  ferruginous  and  heavy  in  places,  and  disturbs 
the  needle.    Samples  are  No.  288  (H). 


MQ 
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A  little  further  west  along  the  strike,  which  is  in  a  general  east  and 
~  west  direction,  the  schist  becomes  like  syenite  gneiss,  and  is  finer 
grained.  It  rises  in  perpendicular  beds  sixty  feet  above  the  lake. 
Some  of  the  thin  beds  are  much  more  hornblendic  than  others;  some 
contain  both  mica  and  hornblende.  The  whole  hill  is  cut  by  intru- 
sions of  granite,  intricately  crossing  and  re-crossing  each  other.  No. 
289  (H).  The  intrusions  contain  thin  yeins  of  a  bard,  green  mineral, 
probably  epidote.  There  are  small  cavities  in  the  hard  crystalline 
rock,  filled  with  a  soft  white  substance,  like  kaolin.  Parts  of  these 
intrusions  are  also  felsitic. 

Soft,  red  mica  schist  is  seen  at  the  portage  near  the  west  end  of 
Hoodoo  lake,  N.  W.  i  of  S.  E.  i,  sec.  5,  63-18.      Fine-grained  silice-  V 

ous  mica  schist  is  seen  on  the  portage  from  Hoodoo  lake  to  Susan  lake, 
which  lies  just  north  of  it. 

No.  291  (H)  is  from  a  small  island  in  the  north  side  of  Susan  lake, 
in  sec.  32,  64-18.  It  is  fine  mica  schist,  which  assumes  a  gneissic 
texture  on  the  same  island.  This  schist  dips  S.  W.  50°,  and  strikes  E. 
70°  S.  It  is  mostly  quite  solid  and  firm,  and  contains  fine  particles  of 
pyrite.  The  features  of  the  rock  in  this  lake  are  the  strike  and  dip. 
The  latter  is  generally,  at  a  low  angle,  W.  S.  W.  The  schist  con- 
tains  many  wavy  sheets  or  beds  of  gneiss.  In  one  place  there  is  a 
mass  of  hornblende  schist,  inclosed  in  the  mica  schist  and  cut  by  the 
«ame  granite  intrusions.  It  has  the  same  strike  as  the  mica  schist. 
The  continuation  of  it  is  covered  on  both  sides,  but  later  it  can  be 
traced  for  five  rods,  sometimes  a  foot  thick,  sometimes  only  an  inch, 
running  through  the  mica  schist.  This  rock  seems  to  be  composed 
almost  wholly  of  hornblende  and  biotite,  with  some  feldspar.  No. 
292  (H).    Some  of  it  seems  to  contain  graphite.     No.  292 A  (H). 

No.  293  (H)  is  from  the  S.  E.  i  of  S.  E.  i,  sec.  32,  64-18.  It  is 
mica  schist,  with  thin  sheets  of  green  mica.  The  schist  itself  has  a 
rosy  or  pink  tinge.  The  rock  in  the  southeast  end  of  Susan  lake  is 
gneiss  interbedded  with  schist.    No.  294  (H). 

ELBOW    LAKB. 

On  the  north  side  of  the  Portage  from  Susan  lake  to  Elbow  lake— 
probably  in  the  N.  E.  i,  sec.  32,  64-18— is  a  round  point  of  mica 
schist  and  gneiss  that  projects  into  the  lake  a  short  distance.  The 
strike  is  east  and  west.     Glaciation  is  N.  26'*E. 

Twisting,  winding  reins  of  granite  run  all  over  the  surface  of  this 
point.  One  intrusion  about  four  inches  wide  (No.  1  in  the  sketch) 
runs  with  the   bedding  nearly  straight  for  several   feet,  and  cuts 
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through  a  bed  of  gneias  (No.  2)  two  feet  wide  that  cuts  the  schist  into 
an  irregularly  sfaxped  niasB.  The  thin  intrusion  (No.  1)  after  con- 
forming with  the  schist  for  a  distance,  turns  off  and  splits  up  into 
thin  threads,  cutting  the  schist  as  well  as  the  feelers  from  the  gneiss 
bed  (No.  2).  No.  2  is  also  cut  by  a  fine  dnrk  vein  of  granite  (No  3} 
that  also  runs  across  the  beds  of  scbisl.  No.  1  cuts  both  No.  2  and 
No.  3.  It  is  pinker  than  the  others,  and  la  coarser  at  the  edges  than 
an  the  middle.     No.  3  is  coarser  than  Nos.  1  and  3. 


Fig.  12  — Granite  intrusions  in  mica  schist.  Elbow  lake. 

Sometimes  the  beds  of  gneiss  contain  enclosed  masses  of  mica  schist 
vhich  generally  preserved  the  strike  of  the  schist  on  both  sides  of  the 
gneiss.  The  following  diagram  of  such  inclosed  masses  of  schist  was 
made  from  rock  seen  east  of  the  round  point  on  Elbow  lake  illustrated 
in  the  last  figure. 


Fig.  13. — Gneita  containing  masses  of  mica  schist  inUrhedded  with  mica 
schist.    Elbow  lake. 

The  dip  is  about  vertical;  sometimes  a   little  one  way,  and  some- 
times the  other.     Many  of  the  thin  beds  of  schist  are  homblendic  as 
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well  as  micaQeous; — the  hornblende  crystals  standing  ont  on  the  sur- 
face and  giving  a  black  color  to  those  beds.  The  rock  is  quite  gen* 
erally  covered  bj  moss  and  lichens  when  not  obscured  from  view  by 
overlying  soil. 

A  sample  of  the  mica  schist  from  the  south-east  bay  of  Elbow  lake 
is  No/ 295(H). 

A  little  north  of  the  last  the  rock  is  a  regular  alternation  of  gneiss  and 
mica  schist  in  beds  of  variable  thickness.  The  general  trend  is  N. 
80^  E,  and  the  prevailing  dip  is  to  the  south,  sometimes  as  low  as  45^- 
There  are  also  granite  intrusions  cutting  gneiss  and  schist  alike.  The 
strike  changes  a  little  in  going  farther  east,  becoming  about  N.  60°  E. 
Much  more  intrusive  granite  is  seen.  In  some  places  it  has  flowed 
over  the  schist  and  lies  unconformably  upon  its  upturned  edges.  Much 
of  the  gneiss  is  fine  and  very  micaceous;  none  of  it  is  very  coarse. 

At  the  east  side  and  end  of  the  lake  the  gneiss  lies  nearly  fiat — quite 
so  in  places.  It  has  been  folded  and  bent  in  large  waves  so  that  it 
dips  in  all  directions;  now  are  seen  the  crumpled  edges  and  again  the 
convex  tops  of  the  distorted  strata. 

At  the  northeast  end  of  the  lake  the  strike  of  the  gneiss  and  schist 
has  changed  to  N.  20"^  E,  Here  it  is  impossible  to  tell  which  is  bedded 
gneiss  and  which  intrusive  granite:  it  all  seems  to  cut  the  schist  in 
one  place  or  another.  Gneiss  that  seems  to  have  fiowed  over  on  the 
upturned  strata  of  mica  schist  is  cut  by  granite  intrusions  that  also 
cut  the  schist. 

The  fiatness  of  the  schist  beds  around  the  east  and  north  end  of  El* 
bow  lake  is  quite  striking.  The  rock  rises  in  bluffs  forty  feet  above  the 
lake;  and  granite  intrusions  can  be  seen  cutting  the  schist  and  beds  of 
gneiss  at  all  angles  from  horizontal  to  vertical.  Some  of  it  is  a  fine 
breccia;  but  the  roost  noticeable  feature  is  the  general  horizontal 
position  of  the  strata. 

The  gneiss  and  schist  in  the  hills  east  of  the  northeast  end  of  the 
lake  are  stirred  and  mixed  most  thoroughly.  Gneiss  and  schist  alike 
are  bent  and  doubled  on  themselves  as  a  piece  of  paper  crumpled  in 
one's  hand  would  be.  The  gneiss  is  mainly  composed  of  feldspar  in 
very  angular  crystals,  some  an  inch  and  a  half  long  and  of  a  red  color. 
Much  of  the  schist  is  hornblendic. 

There  is  a  dyke  (?)  of  rock,  similar  to  No.  292  (H),  six  inches  wide 
running  through  the  schist  and  gneiss  uninterruptedly  for  a  good 
many  feet.  Its  course  is  N.  80°  E.  It  is  composed  chiefiy  of  horn- 
blende,  mica  and  feldspar.    No.  297  (H.) 

On  the  point  which  projects  into  the  lake  from  the  north  side  of  the 
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lake  the  rock  is  the  usaal  mixture  of  micaceous  and  hornblendic  schist 
and  gneiss.  The  gneiss  being  harder  it  is  slower  in  submitting  to  the 
erosive  action  of  the  lake  and  the  elements,  and  so  it  appears 
to  predominate  largely;  but  there  is  a  fair  proportion  of  schist  with 
it.  The  schist  lies  in  all  possible  positions  and  relations  to  the  gneiss; 
oyer  it  and  under  it,  twisted  around  it  and  enclosed  in  it.  The  usual 
intrusions  of  granite  cut  it  in  all  directions.  These  are  much  more 
regular  in  their  course  and  shape  than  the  beds  of  gneiss.  There  are 
two  or  three  series  of  them,  crossing  and  cutting  each  other  in  vari- 
ous directions.  There  is  no  uniform  strike  or  dip  to  the  strata  here; 
but  the  apparent  tendency  is  to  assume  a  north  dip.  The  rock  be- 
comes more  gneissic  as  we  go  north,  and  does  not  seem  to  be  pene- 
trated by  so  many  granite  intrusions. 

A  little  southwest  of  the  last  the  solid  rock  rises  up  nearly  100  feet 
above  the  lake.  It  is  mostly  gneiss  of  different  colors  and  degrees  of 
coarseness;  some  lying  flat  and  some  on  edge  cut  by  other  beds  in  all 
sorts  of  ways.  Some  of  the  main  body  of  the  rock  is  fine,  gray  biotite 
gneiss  in  flat  strata.  It  resembles  the  gneiss  at  the  Upper  Fall?  of 
Prairie  river.  No.  300  (H).  Some  of  it  is  coarsely  granular,  contain- 
ing pink  and  white  feldspar  and  mixed  with  mica  schist.  No.  301  (H). 

No.  302  (H)  is  from  a  bay  near  the  west  end  of  the  lake.  It  is  the 
dark,  fine,  heavy  rock  composed  mostly  of  mica  and  hornblende  which 
has  already  been  labelled  No.  292  (H)  and  297  (H).  It  is  interbedded 
in  vertical  strata  with  mica  schist  and  gneiss;  strike  is  N.  80^  E. 
Just  west  of  this  the  rock  is  similar  but  contains  more  feldspar  It  is* 
in  beds  with  gneiss  and  schist  that  contain  both  mica  and  hornblende,. 
but  the  mica  predominates.  Glaciatiou  here  is  N.  28^  E.  The  hills 
north  of  the  west  end  of  Elbow  lake  consist  of  gneiss  and  hornblendic 
mica  schist.  They  are  immense  rounded  knobs  of  rock  almost  desti- 
tute of  vegetation  and  half  covered  with  loose  fragments  of  boulders 
And  debris  from  the  hillside.     They  rise  150  feet  above  the  lake. 

ELBOW  BIVSB. 

A  small  stream  leaves  Elbow  lake,  and  after  tumbling  down  a  winding 
glen  around  boulders  and  over  solid  rock  for  about  a  quarter  of  a  mile  be- 
comes a  small  river  with  no  apparent  current  most  of  the  way  to  Pelican 
river,  into  which  it  flows.  This  is  Elbow  river.  There  is  a  high  ridge 
of  hills  south  of  it  and  considerable  high  rocky  ground  north  of  it. 
When  any  large  amount  of  the  rock  in  this  region  has  a  uniform  strike 
it  is  about  east  and  west.  All  of  the  rock  around  Elbow  lake  contains 
56 
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more  or  less  hornbleDde,  and  mosfc  of  it  is  decidedly  acidic.  The  south 
shore  of  Elbow  Lake  follows  the  changing  strike  of  the  rock  qaite 
•closely. 

Going  down  Elbow  river  the  first  rapid  is  jast  at  the  outlet  of  the 
lake.  The  next  is  2^  or  3  miles  below.  The  hills  here  rise  about  200 
feet  above  the  river  on  each  side.  They  are  almost  bare  knobs  of 
gneiss,  containing  more  or  less  schist  interbedded  with  it.  The  hill 
on  the  north  side  of  the  rapid  is  called  Bald  mountain. 

The  country  for  a  few  miles  around,  as  seen  from  the  top  of  Bald 
Mt.,  is  rough  and  hilly  and  probably  all  composed  of  this  same  forma- 
tion. There  is  generally  a  strip  of  swamp  along  the  river.  The  river 
bed  is  remarkably  level  for  such  a  hilly  country.  Elbow  river  flows 
into  Pelican  river  about  two  miles  south  of  the  east  bay  of  Pelican 
lake — probably  in  sec.  18,  64-19.  Samples  of  the  gneiss  from  the  top 
of  Bald  Mt.  are  No.  304  (H).  The  mica  schist  from  the  same  place  is 
No.  305  (H).  The  gneiss  is  hornblendic  or  chloritic,  and  is  a  fine- 
grained, siliceous  rock  with  fine  veins  of  a  light  green  mineral  run- 
ning through  it. 

PSLIGAK  LAKB. 

The  shores  of  this  lake  are  not  very  high  nor  rocky,  i.  e.,  with  solid 
rock.    Most  of  the  coast  is  either  sandy  or  boulder-bound. 

Pink  gneiss  is  found  in  the  N.  E.  i  of  S.  W.  i,  sec.  2,  64-20  It 
grades  into  mica  schist  in  the  immediate  vicinity.  The  apparent  dip 
here  is  south,  but  there  is  so  little  continuity  in  strike  or  dip  that  the 
general  direction  cannot  be  determined.  Nos.  306  (H)  and  807  (H). 
The  south  side  of  the  point  at  the  same  place  consists  of  beds  of  mica 
schist  and  gneiss  that  dip  west  and  strike  north  and  south.  The 
schist  is  hard  and  fine-grained;  the  gneiss,  gray  and  fine.  No* 
308  (H). 

The  island  in  the  N.  £.  i  of  S.  E.  i,  sec.  8,  64-20,  is  composed  pf 
gneiss  and  schist  and  granite  intrusions.  The  schist  is  both  mica- 
<;eous  and  hornblendic.  The  general  strike  is  north  and  south,  with  a 
high  dip  to  the  west.  The  surface  of  the  rock  presents  a  most  intri- 
cate commixture  of  veins,  dykes,  beds  of  schist  and  gneiss  and  granite 
intrusions.  The  last  thing  to  come  in  was  a  small  dyke  of  green* 
stone  about  three  inches  wide,  running  N.  30^E.  It  cut  all  the  rest, 
but  has  been  faulted  off  two  or  three  feet  since,  and  thus  been 
<;hanged  in  its  direction. 

Samples  from  the  dyke  are  No.  309  (H.).  It  was  traced  for  about 
th  ree  rods.    Glaciation  here  is  N.  36°  E.     At  the  same  place  there  is  a 
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Fig.  14 — Pelican  Lakf.    Gn  .gneiss.     S.,  mien  and  hornblende  schist. 
D.  B„  granite  intrusion.     D.,  small  dyke  of  greenstone. 

baad  of  greenish  rock  composed  of  mica,  bornblende,  feldspar  and 
perhaps  quartz,  running  through  the  rock  in  an  east  and  west  direc- 
tion. Streaka  or  threads  of  gneiss  run  all  through  and  across  it,  and 
give  it  a  mottled  appearance.  It  is  about  six  inches  wide  and  can  be 
traced  in  a  straight  course  for  five  or  sis  rods.  It  maintains  about 
the  sanlfl  thickness  during  this  distance.  Where  it  passes  through 
schist  there  is  generally  a  line  of  granite  to  separate  it  from  the 
schist.  Where  it  cuts  gueiss  there  is  no  distinct  line  of  separation, 
hot  the  gneiss  runs  right  down  into  it  in  the  threads  spoken  of  above. 
The  dark  parts  of  this  band  of  rock  have  a  kind  of  schistosit;  in  the 
direction  of  the  vein. 

The  island  near  the  centre  of  sec.  3,  (M-SO.  is  composed  of  the  same 
mixture  of  gneiss  and  schist  and  rises  50  feet  above  the  lake.  There 
are  long,  smooth  beds  of  rock  which  is  half  gneiss,  half  schist,  on  the 
west  side  of  the  island.  These  beds  strike  north  and  south  and  dip 
W.  Qi".  Much  of  the  schist  contains  both  hornblende  and  mica,  and 
some  of  the  gneiss  is  syenite  gneiss.  Occasionally  dark,  hornblendic 
rock  is  seen,  just  as  much  bedded  as  the  rest  and  evidently  part  of  the 
formation,  but  looking  much  more  like  eruptive  rock.  Some  of  it 
contains  round  grains  and  feldspar  that  look  like  amygdules.  Nos. 
810  (H)  and  310A  (H). 

In  the  N.  E.  i,  sec,  12,  64-21,  the  rock  is  massive  gneiss.  The  only 
signs  of  mica  schist  are  a  few  small  lenticular  masses  of  tt,  four  to  six 
■iuchea  long  which  are  enclosed  in  the  gneiss.    The  rock  is  in  low,  flat 


452  SIXTEENTH  AKiniAL  BEPOKT 

outcrops.  It  contains  hornblende  and  is  somewhat  porphyritic.  No. 
311  (H).  It  does  not  exhibit  any  granite  intrusions  nor  other  rock 
cutting  it  in  any  way.  The  same  rock  appears  on  the  next  point  to 
the  west,  and  here  contains  masses  of  mica  schist,  12  to  14  inches 
long.  It  is  also  more  porphyritic,  containing  orthoclase  crystals  H 
inches  long. 

The  point  in  the  N.  E.  i  of  N.  W.  i,  sec.  12,  64-21,  is  composed  of 
this  same  rock.  It  contains  a  few  masses  of  hardened  mica  schist 
two  or  three  feet  in  diameter. 

No.  312  (H).  This  rock  is  very  similar  to  that  which  forms  the 
falls  at  Fort  Francis;  the  points  of  resemblance  being  its  porphyritic 
nature,  the  presence  of  hornblende  crystals  as  well  as  mica,  no  gneissic 
structure  apparent,  enclosed  masses  of  mica  schist,  and  position  to  the 
west  of  a  disturbed  region  of  gneiss  and  mica  schist.  It  is  probably  the 
continuation  of  the  same  belt  of  rock  as  that  at  Ghaudiere  falls.  Im- 
mense, rounded  pieces  of  this  rock  lie  on  the  surface,  some  of  them 
twenty  feet  in  diameter. 

No.  313  (H).  is  siliceous  gneiss,  coarse,  granular  and  white.  It  oc- 
curs in  thin  beds  in  the  mica  schist  on  a  point  in  the  N.  E.  i  sec.  35, 
65-20.  On  one  side  of  it  is  mica  schist  with  the  biotite  in  round  spots. 
The  strike  of  the  gneiss  and  schist  here  is  north  and  south;  dip  at  a 
high  angle  to  the  west.  The  gneiss  predominates  and  is  largely  in 
thick  beds.  Both  gneiss  and  schist  are  penetrated  by  granite  intru- 
sions that  run  for  the  most  part  east  and  west.  These  are  yery  sili- 
ceous, contain  white  orthoclase  and  have  an  indistinct  gneissic  arrange- 
ment of  the  mica.     No.  314  (H). 

A  small  island  supposed  to  be  about  in  the  S.  E.  i  sec.  26,  65-20  is 
composed  of  gneiss  and  hornblendic  mica  schist.  Strike  is  N.  30^  E., 
dip  N.  W.  75^  more  or  less.    Glaciation  I^.  30^  E. 

The  beds  of  hornblendic  mica  schist  are  more  decomposed  than  the 
rest  of  the  schist.  , 

One  of  these  beds  of  schist  cuts  into  the  mica  schist  proper  in  some 
of  its  curves,  for  it  is  not  quite  straight  though  it  follows  closely  the 
bedding  of  the  mica  schist,  and  is  cut  by  the  same  granite  intrusions 
as  the  mica  schist.  No.  316  (H).  The  specimens  are  from  the  hard- 
est part  of  the  bed,  which  is  about  six  inches  thick  and  has  a  gneissic 
arrangement  of  the  minerals. 

The  next  point  to  the  northwest,  about  a  quarter  of  a  mile,  is  com- 
posed of  gneiss  and  schist;  the  latter  containing  more  or  less  horn* 
blende  all  through  it.  The  strike  varies  from  N.  SO^  E.  to  N.  dO""  E. 
There  is  a  high  dip  to  the  N.  W.    Glaciation  N.  24<'  E.    The  schist 
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is  dark,  hornblendic  rock  containing  vitreous  quartz  grains  and  ap- 
parently but  little  feldspar.  No.  317  (H).  Some  of  the  schist  is 
harder  and  finer  and  less  schistose  than  the  samples.  Much  of  it  con- 
tains fine  particles  of  pyrites. 

The  extremity  of  the  point  consists  almost  wholly  of  gneiss  enclos- 
ing large  masses  of  schist.  Some  of  the  gneiss  is  quite  coarse,  con- 
taining feldspar  crystals  over  two  inches  long.  Much  of  it  looks  like 
the  coarse  gneiss  seen  on  Rainy  lake,  and  some  of  it  is  pegmatitic. 
^he  finer  gneiss  contains  hornblende  as  well  as  mica. 

On  one  point  in  section  26,  65-20,  the  gneiss  contains  pockets  of 
amphiboly te  (?).  They  are  round  or  irregularly  shaped  masses  that 
have  no  resemblance  to  the  gneiss  and  no  visible  connection  with  the 
schist  beds  or  any  other  beds.  They  are  simply  enclosed  in  the  gneiss. 
No  sample  could  be  obtained. 

Just  across  the  bay  from  the  last  point,  to  the  north,  the  rock  of 
the  point  is  half  way  between  mica  schist  and  gneiss,  but  looks  on  the 
whole  more  like  schist.  It  contains  and  lies  along-side  of  beds  of 
hornblendic  mica  schist  such  as  is  commonly  found  imbedded  with 
gneiss  in  all  this  region.  They  are  both  cut  by  intrusions  of  granite. 
Thus  we  have  here,  instead  of  gneiss  proper  folded  around  mica  schist 
or  squeezed  into  it  in  a  plastic  state,  mica  schist — for  it  is  that  rather 
than  anything  else — enclosing  and  interbedded  with  irregular  masses 
and  strata  of  entirely  different  mica  schist.  No.  318  (H).  This  is 
somewhere  near  the  N.  W.  i,  sec.  26,  65-20.  The  general  strike  is 
about  N.  20^  E. 

In  the  bay  north  of  the  last  is  a  small  rock  island  composed  princi- 
pally of  gneiss.  The  enclosed  mica  schist  is  like  No.  318  (H)  and  not 
like  the  more  schistose  schist  with  which  that  is  associated.  The 
schist  and  gneiss  on  this  island  are  cut  by  an  ii regular  intrusion  vary- 
ing in  width  from  four  to  ten  inches.  It  is  noticeable  that  the  intru- 
sions which  seem  to  have  been  latest  and  have  cut  all  the  rest  are 
generally  pinkish  or  reddish;  while  the  bedded  gneiss  is  white  or  but 
slightly  pinkish,  as  a  rule;  though  some  of  it  is  red  rather  than  pink. 

On  this  same  small  island  the  gneiss  that  conforms  with  the  beds  of 
schist  for  a  short  distance  and  is  cut  by  the  granite  intrusion  men- 
tioned above,  in  its  turn  strikes  off  in  a  mass  two  feet  and  more  in 
thickness,  cutting  through  the  schist— or  at  least  across  the  strata, 
and  constituting  what  might  be  termed  a  ''dyke-bed  "  without  being 
paradoxical. 

The  south  side  of  the  small  island  just  west  of  the  last  is  composed 
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for  the  most  part  of  handsome  gray  gneiss,  slightly  porphyritic.     It  is^ 
cut  by  the  usual  granite  intrusions.     No.  319  (H)  is  a  sample. 

On  the  shore  of  the  mainland  about  100  paces  north  of  the  island 
the  rock  rises  30  feet  aboye  the  lake.  It  if  mica  schist  and  syenite 
gneiss  with  granite  intrusions.  It  contains  varying  amounts  of  horn- 
blende and  grades  in  places  from  syenite  to  a  dark,  heavy,  fine-grained 
rock  almost  all  hornblende.  It  seems  to  contain  some  epidote.  No. 
320  (H). 

For  some  distance  along  the  shore  to  the  west  the  rock  is  syenitic 
gneiss  and  mica  schist.     A  little  further  along  some  immense  masses 
of  schist  and  gneiss  stand  up  in  the  water  near  the  shore,  fifteen  feet        t 
above  the  surface.     They  seem  to  have  constituted  one  enormous 
boulder,  now  split  and  broken  into  several  irregular,  jagged  masses. 

The  large  island  southwest  of  the  last-mentioned  locality  presents 
an  appearance  similar  to  that  of  the  coarse  gneiss  at  the  east  end  of 
Rainy  lake.  It  is  a  mixture  of  coarse  gneiss  and  mica  schist.  The 
schist  predominates  at  the  southwest  end  of  the  island.  The  strike  is 
N.  20°  E.  Dip,  W.  N.  W.  70^  The  backbone  of  the  island  is  prin- 
cipally gneiss,  containing  a  little  mica  and  hornblende  schist  in  irreg- 
ular masses  and  short  beds.  This  gneiss  is  very  siliceous,  the  coarse, 
vitreous  quartz  lying  in  it  in  masses  several  inches  across.  The  feld- 
spar is  pink  or  white  orthoclase,  and  is  also  very  coarse;  the  largest 
crystals  being  over  six  inches  long  The  mica  is  muscovite;  and 
scales  two  inches  square  can  be  obtained. 

The  gneiss  incloses  masses  of  hornblende  schist.  Samples  are  No. 
S21  (H).  The  mixture  of  mica  in  fine  scales,  and  quartz  in  small 
grains,  such  as  seen  at  the  east  end  of  Rainy  lake,  is  found  here,  too. 
Perhaps  this  may  be  called  greisen,  but  it  does  not  seem  massive 
enough  to  answer  the  usual  definition.  Some  of  the  large  feldspar 
crystals  here  contain  quartz  arranged  in  such  a  way  as  to  form  graphic 
granite.  At  the  northeast  end  of  the  island  there  are  siliceous  beds 
in  the  schist  containing  pyrite,  hornblende,  malachite,  chalcopyrite 
and  a  greenish-yellow  mineral  that  was  not  determined.  No.  322  (H). 
These  beds  are  a  foot  or  two  feet  wide,  and  continue  for  some  dis- 
tance, disappearing  under  the  lake.  The  coarse  gneiss  here  contains 
some  biotite,  as  well  as  muscovite. 

On  the  large  point  west  of  here  is  found  the  usual  mixture  of  gneiss 
and  mica  schist  both  containing  more  or  less  hornblende.  Strike  is 
N.  35°  E.  Some  of  the  schist  enclosed  in  the  gneiss  has  been  so  moch 
changed  and  resembles  the  gneiss  so  closely  that  one  is  hardly  able  to 
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diacern   the  outliaes  of  the  former  schist  masses.     Much  of  it  is  ex- 
ceedingly hornblendic. 

On  the  hill  north  of  the  point  there  is  a  breccia.  It  is  a  gneissic 
schist  containing  anaular  masses  of  hornblendic  echistof  all  sizes  up 
to  two  or  three  feet  in  diameter.  Many  of  them  hare  their  longest 
direction  across  the  schist  beds.  They  seem  to  bp  much  metamor- 
phosed.    The  breccia  also  contains  pieces  of  gneiss  a  foot  long. 


Fig.  15.  —  Breccia.    Pelican  Jjake, 

There  are  also  in  this  breccia  pieces  of  schist  with  gneiss  running' 
through  them.  There  is  a  schistose  or  flowage  structure  running  N. 
35°  £.,  and  conforming  somewhat  to  the  shapes  of  the  enclosed  masses. 
This  breccia  extends  nearly  to  the  south  end  of  the  point. 

The  island  just  west  of  this  point  is  composed  mostly  of  micaceous, 
porphyritic  syenite  very  poor  in  silica.  It  is  massive  and  contains 
large  irregular  masses  of  mica  and  hornblende  schiat  and  gneiss.  It 
has  a  contact  with  rocks  similar  to  those  enclosed  in  it,  on  the  east 
side  The  direction  of  this  contact  is  N.  20°  to  N.  24°  E.  In  some- 
places  this  rock  resembles  a  coarse  breccia,  and  elsewhere  a  conglom- 
erate, the  faint  outline  of  formerly  enclosed  masses  being  visible.  It 
has  the  appearance  on  the  surface  of  having  been  heated  to  a  boiling 
condition,  and  the  uneven  surface  covered  with  curved  lines  and  half- 
broken  bubbles  reminds  one  of  oat>meat  when  cooking.  It  is  cut  by 
one  or  two  narrow  granite  or  rather  grannlyteintrusious.  It  also  con- 
tains a  few  masses  of  red  granulyte  wholly  enclosed  in  it.  When  it 
has  been  washed  and  weathered  by  the  lake  a  schistose  structure  or 
something  similar  appears,  the  rock  weathering  in  wavy  lines  and 
sheets. 

The  small  island  nearly  a  mile  west  of  the  last  consists  of  pyritifer- 
ons,  micaceous,  gamitiferous,  chloritic  ( 9)  syenite  gneiss.  The  rock 
thai  lies  to  the  west  of  this  and  is  similar  to  the  Fort  Francis  rock 
grades  into  this  and  into  rock  more  hornblendic  than  this.  This  rock 
is  all  laminated  in  tbia  sheets  having  a  low  dip  to  the  north.  Nob, 
3^5(H)and3:^5A(B). 
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In  section  36,  6S-31,  the  whole  shore,  where  it  is  high,  ia  formed  of 
the  Fort  Francia  rock  and  its  variations.  The  main  part  of  it  is  quite 
similar  to  that  which  forms  the  falls  at  Fort  Francis,  but  much  of  it 
is  similar  to  No.  325  (H).  It  contains  masses  of  pare,  unchanged 
mica  schist  ten,  twelve  and  even  forty  feet  across.  This  schist 
is  cut  hy  granite  intrusions  and  stands  for  the  most  part  in  ver- 
tical beds.  Some  of  the  mica  schist  iuclasions  are  very  much  smaller, 
only  six  inches  wide  and  two  feet  long  or  less.  The  schist  has 
s  very  abrupt  contact  with  the  rock  in  yhich  it  lies.  There  are 
also  inclosed  in  this  rock  numerous  rounded  and  irregular  pieces  of 
rock  quite  similar  in  appearance  to  the  main  part  of  the  rock,  but 
generally.more  hornblendic.  The  inclusions  are  porpfayritic  and  in 
other  ways  have  a  close  resemblance  to  the  rock  which  contains 
them,  and  yet  they  are  decidedly  different  and  probably  were  much 
more  so  formerly.  The  granite  intrusions  may  be,  and  probably  are, 
stringers  from  the  main  mass  of  the  rock.  The  mica  schist  which  ia 
contained  in  this  rock  has  small  round  "geodules"  on  the  surface. 
They  are  little  geod^s  having  a  quartz  crust  with  garnets  inside.  One 
enclosed  mass  of  schist  is  cut  by  a  small  dyke  of  trap  which  has  a 
slight  schistose  structure.    The  glaciatioD  here  is  finely  marked  N. 


Fig.  16 — Breccia.    Pelican  Like. 
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In  the  N.  E.  i  sec.  36  (?)  65-20,  the  gneiss  and  mica  schist  are  cat 
by  granite  intrusions.  Some  of  them  are  garnetiferous.  Tourmaline 
crystals  were  found  in  the  gneiss  which  is  interbedded  with  the  schist 
at  this  point.  The  rock  is  mostly  fine  gneiss.  One  of  the  large 
granite  intrusions  on  the  east  side  of  the  point  consists  largely  of 
pegmatyte.  This  looks  much  like  the  coarse  gneiss  seen  at  Rainy 
lake.  The  trend  of  the  graphic  granite  intrusion  is  N.  25^  E. ;  width, 
6  feet;  length  of  exposure,  150  feet.  It  contains  muscovite  crystals 
2i  inches  across.    No.  331  (H.) 

In  the  N.  W.  i  sec.  36  (  ?)  65-20|  the  rock  is  principally  mica  schist 
and  interbedded  gneiss.  Irregular  masses  of  a  greenish,  heavy  rock, 
consisting  mostly  of  hornblende,  are  contained  in  the  gneiss.  These 
masses  are  not  over  two  feet  long,  and  have  an  abrupt  contact  with 
the  gneiss. 

In  the  N.  E  i  sec.  36  (  ?)  65-20,  the  rock  is  principally  mica  schist 
containing  some  very  even  beds  of  gneiss  and  cut  by  granite  intru- 
sions running  directly  across  the  strata. 

KBT  LAKE. 

This  lake  is  reached  by  making  a  four-mile  portage  from  Pelican 
lake  and  descending  a  small  stream  nearly  to  the  lake.  The  name  of 
this  lake,  Sabikweness^  signifies  a  fish*net;  hence  this  name  should  be 
spelled  with  but  one  ^,  Net  The  lake  is  almost  entirely  surrounded  by 
swamps  and  is  shallow  so  that  a  landing  place  is  hard  to  find. 

In  only  one  place  near  the  lake  was  any  considerable  exposure  of 
rock  seen.  This  is  on  a  small  island  near  the  east  side  of  the  lake, 
just  west  of  the  Indian  village.  This  island  is  composed  of  mica  schist 
and  interbedded  gneiss  cut  by  granite  intrusions.  The  whole  is  then 
cut  by  a  large  dyke  of  greenstone  from  which  stringers  have  been  sent 
out  across  and  through  the  other  rock. 

The  west  and  north  sides  of  the  island  are  beautifully  polished  by 
glacial  action,  the  striations  running  N.  20^  £.  to  N.  2i^  E.  The 
strike  of  the  schist  is  N.  58^  E.  The  direction  of  the  dyke  is  about 
north  and  south.  The  dip  of  the  schist  is  about  S.  70^.  There  is 
much  magnetite  in  the  dyke-rock.  This  dyke  cuts  the  granite  in« 
trusions  and  contains  a  few  feet  of  one  of  them  in  it  lengthwise. 

The  first  solid  ground  south  of  where  the  river  enters  the  lake  on 
the  east  side  is  now  cultivated  by  the  Indians  for  a  potato-patch.  It 
was  formerly  the  site  of  an  Indian  village;  and  many  chips  of  flint 
and  quartz  as  well  as  broken  pottery  and  fragments  of  copper  are  to 
be  found  there.  A  few  scrapers  and  imperfect  arrow-points  and 
57 
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knives  were  found  here.  The  Indian  who^'owns  the  potato  patch  8ay» 
that  he  has  seen  quantities  of  arrow-points,  but  has  never  preserved 
any. 

The  portage  from  Pelican  lake  is  about  four  and  a  quarter  milea 
long.  It  is  a  good  trail  and  leads  to  a  small  stream  about  two  miles 
from  Net  lake.  There  is  not  much  difference  in  the  elevation  of  the 
two  lakes,  Net  lake  being  a  little  lower  if  anything.  The  country 
between  them  is  covered  with  drift  for  the  most  part;  many  large 
boulders  and  much  gravel  and  sand  are  seen,  but  little  or  no  solid 
rock.  The  hills  north  and-  northeast  of  Net  lake  contain  much  rock 
and  so  probably  do  the  hills  south  of  the  lake,  though  they  are  said 
to  consist  only  of  boulders  and  drift  material.  Solid  rock  crops  out  in 
the  midst  of  the  Indian  village  atjNet  lake.  It  is  mostly  mica  schist 
containing  round  or  lenticular  masses  of  gneissic  rock. 

TROUT  LAKB. 

The  stream  from  this  lake  into  Vermilion  lake  is  a  short  one.  It  is 
quite  rapid  and  is  full  *of  boulders  and  loose  fragments  of  rock.  The 
remains  of  an  old  water-wheel  and  stamp-mill  are  visible  at  the  foot  of 
the  rapids.  Angular  masses  of  white  quartz  lie  around.  They  con- 
tain pyrite  and  siderite.     No.  333  (H). 

The  rock  in  the  river  channel  is  a  mixture  of  mica  and  hornblende 
schist  and  gneiss.  There  are  fine  veins  of  red  feldspar  penetrating 
the  rock  in  all  directions.  Most  of  the  gneiss  contains  both  orthoclase 
and  plagioclase  and  more  or  less  pyrites.  The  general  strike  seems  to 
be  east  and  west.     Nos.  334  (H)  to  337  (H). 

The  point  in  the  S.  W.  i  of  N.  W.  i  sec.  19,  63-15  is  composed  al- 
most wholly  of  mica  schist.  There  are  a  few  narrow  veins  or  string- 
ers of  gneiss  running  through  it  in  various  directions,  and  one  or  two 
granite  intrusions  of  considerable  thickness.  The  mica  schist  here 
does  not  seem  to  contain  any  hornblende. 

In  the  N.  W.  i  of  N.  W.  i  sec.  19,  63-15,  the  rock  is  mostly  a  fine, 
gray,  biotite  gneiss,  slightly  prophyritic  and  containing  irregular  in- 
vasions of  mica  schist.  No.  338  (H>.  On  the  north  side  of  the  point 
at  the  same  place  the  rock  is  syenite  gneiss  in  nearly  flat  beds.  No. 
340  (H).  The  schist  with  which  it  is  bedded  and  into  which  it  grad- 
uates is  also  hornblendic.  The  gneiss  is  pyritiferous.  There  is  a 
heavy  covering  of  drift  here  and  many  boulders  lie  around. 

In  the  S.  E.  i  of  N.  E.  i  sec.  13,  63-16,  there  is  an  exposure  20a 
feet  long  of  flat  bedded  gneiss  and  mica  schist.  It  is  in  bluffs  15  feefe 
to  20  feet  high.     The  gneiss  and  schist  grade  into  each  other  and  al» 
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teruate  in  beds  of  all  thicknesses  up  to  three  feet.  Most  of  it  is  fine* 
grained  and  more  or  less  decomposed.  No.  341  (H).  These  horizon- 
tal beds  of  gneiss  and  schist  are  cut  by  one  or  two  nearly  vertical 
granite  intrusions.  No.  342  (H) .  The  feldspar  in  both  the  gneiss 
and  granite  is  yellowish-white,  and  some  of  it  is  iron-stained.  They 
both  contain  more  or  less  hornblende. 

In  the  S.  W.  i  of  S.  W.  i  sec.  13,  63-16,  is  a  large,  low  exposure 
of  gneiss  and  mica  schist  interbedded  in  vertical  strata,  and  cut  by 
vertical  granite  intrusions  from  an  inch  to  four  feet  thick,  running  in 
all  directions  through  and  across  the  beds.  Strike  is  E.  54^  S.  The 
schist  is  typical,  biotite  mica  schist.  The  gneiss  is  fine-grained  yellow 
rock,  similar  to  most  of  that  in  this  region.  Following  this  along  the 
shore  in  a  southeasterly  direction  we  soon  come  upon  a  perpendicular 
wall  of  rock  with  a  smooth  face  twenty  feet  high  and  one  hundred 
feet  long.  This  looks  like  a  wall  of  masonry  made  of  thin  slabs  laid 
horizontally.  On  careful  inspection  it  appears  that  most  of  the  gneis- 
sic  structure  and  the  arrangement  of  the  minerals  in  lines  and  bands 
is  vertical,  and  the  beds  are  lamines  or  sheets  instead  of  strata.  In 
much  of  it  there  is  no  gneissic  structure  evident.  In  places  the- 
gneissic  structure  dips  S.  W.  45^.  This  rock  is  horublendic  as  well 
as  micaceous  and  contains  granitic  veins.  No.  343  (H).  The  direc* 
tion  of  the  face  of  this  wall  is  E.  70^  S.,  and  the  general  directioQ  of 
the  gneissic  vertical  beds  in  it  is  about  the  same,  some  being  however 
E.  40^  S.  At  the  edge  of  the  water  this  appearance  of  laminae  disap* 
pears  and  the  rock  seems  to  be  as  usual  in  vertical  strata.  Quantities 
of  boulders  and  pieces  of  the  adjacent  rock  line  the  shores  of  this  lake. 

The  rock  on  the  point  in  the  S.  W.  i  of  the  S.  E.  i  sec.  14,  63-16, 
is  gneiss  and  syenite  gneiss  containing  a  little  schist,  both  mica  and 
hornblende.  It  seems  to  be  in  vertical  strata.  The  syenite  gneiss 
contains  rounded  or  lenticular  lumps  or  nodules  of  actinolite  mixed 
with  a  little  mica.  These  nodules  are  four  inches  long,  on  an  aver- 
age, and  vary  from  light,  grayish-green  to  greenish-black  in  color. 
They  are  much  softer  on  the  exterior  than  a  short  distance  within. 
The  hornblende  on  the  exterior  is  altered  from  some  softer  mineral. 
Nos.  345  (H)  and  345A  (H). 

In  the  N.  W.  i  of  S.  E.  i  sec.  14,  63-16,  the  shore  rises  up  almost, 
perpendicularly  for  forty  feet.     It  is  mica  schist  containing  a  little 
gneiss.     It  is  all  pervad<'d  by  more  or  less  hornblende.     The  strata 
are  much  disturbed  here,  and  have  no  permanent  dip.    The  strike  is 
E.  40^  S. 
In  the  N.  W.  i  sec.  14,  63-16,  the  rock  is  principally  a  reddish^ 
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biotite  gneiss,  some  of  it  quite  coarse  and  containing  pyrite.  It  lies 
across  the  mica  schist  beds,  which  are  yertical  for  the  most  part,  but 
have  been  much  distorted  in  places.  No.  346  (H).  This  reddish 
gneiss  is  itself  cut  by  thin,  light  yellow  or  white  granite  veins. 

Red  chlorite  gneiss  is  found  in  the  S  E.  i  of  S.  W.  i  sec.  15, 63-16. 
It  occurs  in  yertical  beds  with  strata  of  micaceous,  hornblendic  schist. 
Some  of  the  beds  are  bent  considerably  and  have  a  low  dip  to  the 
north. 

Near  the  centre  of  sec.  16,  63-16,  the  bluffs  rise  60  feet  or  more 
vertically  or  in  overhanging  masses.  It  i»  principally  mica-schist 
with  some  gneiss  and  a  few  veins  of  pyritiferous  quartz.  The  schist 
itself  is  gneissic  and  almost  massive;  it  is  in  such  thick  beds.  Where 
there  is  any  bedding  structure  visible  it  is  wavy  and  distorted. 

In  the  N.  E.  i  of  S.  E  i  sec.  10,  63-16,  the  granite  shores  rise  40 
feet  above  the  lake  in  smooth,  sloping  ridges.  Hornblende  and  a  few 
other  accessory  minerals  are  present.  In  places  the  granite  is  quite 
coarse,  orthoclase  crystals  four  inches  long  being  noticed.  Some  of 
it  is  pegmatitic.  In  some  of  this  coarse  granite  the  muscovite  scales 
lire  set  in  or  surrounded  by  quartz.     Nos.  348  (H)  and  349  (H). 

From  here  north  the  shores  seem  to  be  wholly  granite,  no  schist 
being  mixed  with  it.  It  is  all  decidedly  acidic  and  does  not  contain 
much  mica.  The  feldspar  is  orthoclase.  It  is  jointed  in  various  di- 
rections. •  Sometimes  it  seems  to  lie  nearly  flat,  sheets  of  it  lying  over 
each  other,  dipping  to  the  southeast.  Granite  from  the  S.  £•  i  sec. 
11,  63-16,  is  No.  350  (H). 

Syenite  is  found  in  the  N.  E.  i  of  N.  W.  isec.  11,  68-16.  It  con- 
tains red  orthoclase,  dark  hornblende,  and  but  little  quartz.  Epidota 
is  a  common  ingredient.  It  has  much  the  same  appearance  and  man- 
ner of  occurrence  as  the  granite.  It  is  inclined  to  be  porphyritic  in 
places.    No.  351  (H). 

Across  the  bay  in  N.  E  i  sec.  11,  63*16,  the  rock  appears  to  lie  in 
flat  beds.  It  is  gneiss  with  about  equal  amounts  of  mica  and  horn* 
blende.  Some  of  it  is  almost  schist,  and  some  is  granulyte.  It  is  cut 
by  intrusions  of  granite.     No.  352(H). 

In  the  S.  E.  i  of  N.  E.  i  sec.  11,  63-16,  the  rock  is  fine,  gray, 
biotite  gneiss,  containing  plagioclase  feldspar.  It  is  quite  firm  aud 
solid,  but  contains  mica  schist  beds  and  lumps  in  which  the  strata 
run  nearly  north  and  south.  Glaciation  is  N.  16^E.  No.  353  (H). 
Portions  of  this  same  gneiss  are  very  coarse,  and  the  feldspar  is 
orthoclase  with  the  pegmatitic  character. 

Low,  flat  exposures  of  granite  or  gneiss  are  seen  in  the  N.  E.  i  of 
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sec.  2,  63-16.  It  is  mostly  fine-grained  rock  similar  to  353  (H). 
It  has  bands  of  coarse  granite  running  through  it  or  lying  on  the  sur- 
face. The  line  of  contact  or  of  separation  from  them  is  indistinct. 
Most  of  it  has  the  appearance  of  being  in  beds  dipping  to  the  south- 
east at  an  angle  of  30^  or  less.  But  in  some  of  it  there  is  an  indis- 
tinct gneissoid  structure  which  is  about  yertical.  The  shores  are 
piled  up  for  about  ten  or  fifteen  feet  back  from  the  lake,  by  the  action 
of  the  elements,  with  masses  of  the  subjacent  rock  and  with  boulders 
of  granite.  The  gneiss  contains  a  little  hardened  schist,  and  some- 
times approaches  the  fineness  of  schist  itself;  but  generally  it  is 
coarse,  firm  and  compact. 

Low  exposures  of  porphyritic,  micaceous  gneiss  are  seen  on  the  point 
in  the  N.  W.  i  of  N.  £.  i  sec.  35,  64-16.  In  places  it  assumes  the 
character  of  a  breccia,  and  contains  angular  masses  of  hornblendic 
rock  similar  to  that  at  the  west  side  of  Pelican  lake. 

Much  fine  pine  grows  around  this  lake.  The  water  is  clear  and  the 
lake  shores  and  islands  are  beautiful.  In  many  places,  however,  low 
reefs  of  rock  extend  out  into  the  lake  but  a  short  distance  below  the 
surface  of  the  water;  thus  making  it  difficult  as  well  as  dangerous  for 
a  canoe  to  land.  In  fact  all  of  the  shores  have  a  very  gradual  slope 
into  the  lake. 

A  large  exposure  has  been  caused  by  fire  in  the  S.  E.  i  of  S.  W.  i 
sec.  26,  64-16.  It  is  gneiss,  partly  fine  and  partly  coarse.  Part  of  it 
is  mica  schist  and  part  half-way  between  schist  and  gneiss.  Coarse 
masses  of  iron-stained  quartz  are  seen  here;  also  some  coarse  feldspar. 
In  all  this  region  there  is  a  more  or  less  striking  appearance  of  hori- 
zontal lamination  in  the  rock.  In  almost  every  place  careful  examina- 
tion reveals  the  fact  that  the  rock  has  a  gneissic  texture  that  is  verti- 
cal or  nearly  so.  Also  when  any  schist  beds  lie  in  the  gneiss  they 
seem  to  be  in  vertical  strata. 

The  point  in  the  west  half  of  N.  W.  i  sec.  30,  64-15,  is  composed  of 
gneiss  and  mica  schist  rising  about  40  feet  above  the  lake.  At  this 
place  there  is  also  a  good  display  of  the  horizontal  laminae  and  verti- 
cal gneissic  structure.  The  thin  beds  of  schist  which  are  in  the 
gneiss  are  bent  and  doubled  up  like  a  letter  S.  The  general  strike  is 
east  and  west. 

There  is  a  most  enormous  ^ile  of  "  cobblestones  "  here.  Just  to 
the  southeast  of  the  long  sand  beach  in  the  S.  E.  i  of  S.  E.  i  sec.  24, 
64-16,  is  a  pile  of  them  20  feet  or  more  in  bight  and  extending  for 
200  or  300  paces  along  the  shore.  They  are  rounded  and  polished 
nicely  and  are  from  four  inches  to  a  foot  in  diameter. 
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At  the  north  end  of  the  lake  the  rock  becomes  more  regular  in  its 
bedding  and  dip.  The  latter  is  north,  at  a  high  angle.  At  the  very 
end  it  is  mostly  gneiss;  but  contains  more  schist  or  gneissic  schist  than 
the  gneiss  a  mile  or  two  south.  Glaciation  in  the  N.  E.  i  of  S.  E.  i 
sec.  18,  64-16,  is  N.  36^  E. 

Ooming  south  through  sees.  80  and  31,  64-15,  the  beds  of  gneiss  and 
schist  gradually  become  more  and  more  distorted  and  irregular.  The 
dip  gradually  goes  from  vertical  to  horizontal,  and  the  strike  is  ex* 
tremely  variable.  The  beds  are  about  horizontal  in  the  S.  W.  i  of 
of  N.  £.  i  sec.  31, 64-15. .  They  are  cut  by  vertical  granite  intrusions. 
In  the  N.  E.  i  sec.  32,  64-15,  there  is  considerable  mica  schist,  quite 
regularly  interbedded  with  gneiss,  having  a  strike  E.  60°  S. ;  dip, 
N.  60^ 

In  general.  This  lake  lies  on  an  anticlinal.  The  flat -lying  beds  are 
in  the  middle  or  on  the  top  of  this  anticlinal,  and  the  strata  dip  north 
at  the  north  end  and  south  at  the  south  end  of  the  lake.  The  bays 
and  general  contour  of  the  lake  do  not  conform  with  the  general 
strike  of  the  formation,  showing  that  the  rock  is  very  irregular  in  its 
bedding  and  dip. 

Much  hornblendic  rock  is  seen  on  the  west  side  of  the  lake  and 
hardly  any  on  the  east  side.  Much  fine  pine  grows  around  the  lake. 
Most  of  it  is  taken  by  pre-emption.  The  shores,  as  said  above,  are 
wretched  for  landing,  large  piles  of  boulders  and  loose  masses  of 
rock  extending  far  out  into  the  lake  from  nearly  every  part  of  the 
shore. 
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Bainy  lake,""  low  and  high  water,  approximately  1115-1120; 

mean 1117 

Rainy  river,  rapids  i  mile  long,  just  below  Rainy  lake 1117-1114 

Rainy  river,  Chaudiere  falls,  at  Fort  Francis,  descending 

23  feet 1114-1091 

Lake  of  the  Woods,  low  and  high  water,  1057-1063;  mean.  1060 

Bowstring  lake,  determined  by  U.  S.  engineers 1381 

*HlndB'  Narratiw  ftf  the  Canadian  Exploring  Exptdition$,  London,  1880,  vol.  U,  pp.  39^-408.    Cor- 
rcetod  by  Upham  throogh  comparison  wlihtnrvey  ofC.  P.  R.  R. 
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On  Bowstring  river* 

Miles  flrom  month  of 

Bowstring  river. 

(Whittlesey.) 

Headt  of  •'fall  of  6  feet  over  trappose  rock"  esti- 
mated about  70  ft.  above  the  mouth  of  this  stream .  82  1240 

'•Rapid  of  4  feet  over  hornblende  slate'* 76  1226 

''Fall  of  29  feet  over  gneiss  and  mica  slate" 45        1179-1160 

Mouth  of  Opimabonowin  river 40  1140 

Junction  with  Rainy  Lake  river 0  1085 

Red  lake,  approximately 1150 

fWhittlesey*!  Bt»ort  of  EatploraUona  in  the  Minend  Beaiont  of  MinntMteh  1866.    Corrected  by  com- 
parison with  leveling  obMrrations. 
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LIST   OF   SPECIMENS   COLLECTED   BY  H.  V.  WINCHELL 

DURING  THE  SUMMER  OP  1887. 

I 

LITTLE  FORK  BIYBE. 

No.  75  (H).     Massiye,  green  dioryte  with  a  little  biotite  (?). 

On  north  side  of  river  about  two  miles  b^Iow  Wakemaup's  portage.  ; 

No.  76  (H).  Siliceoas  mica  schist  containing  dolomite  or  calciie. 
From  Rapid  No.  1  three  miles  below  last. 

No.  76A  (H).  Biotite  granite  containing  masses  of  muscovite  gran- 
ite,  also  containing  calcite.     Same  locality. 

Nq.  76B  (H).  Sample  of  schist  similar  to  76  (H);  bnt  containing 
grains  of  vitreous  quartz.     A  little  south  of  last. 

No.  77  (H).  Tough,  massive,  crystalline  rock,  containing  magnetite. 
Underlies  Rapid  No.  1. 

No.  78  (H).  Mica  schist  containing  also  hydromica.  From  Rapid 
No.  2,  four  miles  below  last;  three-quart-ers  of  a  mile  above  the 
mouth  of  Rice  river. 

No.  79  (H).  Siliceous  schist.  From  Rapid  No.  S,  just  below  the 
confluence  of  Little  Fork  and  Rice  rivers. 

No.  80  (H).  Mica  schist  cut  by  gneiss.  South  side  of  river,  three 
miles  below  Rapid  No.  6. 

No.  81  (H).  Greenish  mica  schist  containing  pyrite.  North  side 
of  river,  four  miles  below  last. 

No.  82  (H).  From  "  Big  Falls  "  of  Little  Fork,  about  a  mile  below 
last.  Fine-grained,  compact,  green  schist;  much  jointed  and  pre- 
senting many  di£ferent  aspects  in  different  strata. 

No.  82  A  (H).  A  greenish -black  mineral  found  in  seama  and  joints 
of  last. 

No.  88  (H).  Micaceous  syenite  gneiss  containing  lumps  of  a  green 
material.     Two  miles  below  last. 

No.  84  (H).  Drift  limestone  from  a  gravel  bank  about  a  mile  and 
a  half  below  Rapid  No.  10. 

No.  85  (H).  Clay  concretions  from  clay  bank  on  north  side  of  river 
about  three-quarters  of  a  mile  below  Rapid  No.  12. 

No.  86  (H).  Pophyritio  garnetiferous,  micaceous  syenite.  From 
Rapid  No.  13,  half  a  mile  below  last. 
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No.  87  (H).     Fossiliferous  drift  limestoae.     From  Rapid  No.  17, 
about  three  miles  and  a  half  below  the  mouth  of  Sturgeon  river. 

No.  88  (H).  Syenite  gneiss.  Just  above  Rapid  No.  19.  Graduates 
into  greenish,  hornblendic  mica  schist  containing  little  quartz. 

No.  89  (H).  Fine,  green  schist,  hardened  and  jointed.  From  Rapid 
No.  20. 

No.  90  (H).  Fine,  light-colored  dyke  rock,  cutting  last;  composed 
of  quartz,  feldspar,  mica,  hornblende  and  garnets. 

No.  91  (H).  Mica  schist.  From  south  side  of  river  just  above 
Rapid  No.  22. 

Na  91A  (H).    Mica  schist,  different  from  last  and  enclosed  in  it. 

No.  92  (H).     Fossiliferous  drift  limestone  from  below  Rapid  No.  27.. 

No.  93  (H).  Lignite.  From  bed  of  a  creek  that  enters  on  the  east 
side  of  the  Little  Fork  a  short  distance  below  Rapid  No.  27. 

No.  94  (H).     Cretaceous  shale.    From  same  locality. 

No.  95  (H).    Shale  containing  fossils.     Same  locality. 

No.  96  (H).     Shale  containing  gravel.    Same  locality. 

No.  97  (H).    Shale  containing  crystallized  aragonite. 

No.  98  (H).    Drift  conglomerate  from  the  same  creek-bed. 

No.  99  (H).    Red  sandstone.    From  drift  in  same  creek-bed. 

No.  100  (H).  Mica  schist  from  Oak  rapids,  half  a  mile  below  Sel- 
ler's camp. 

No.  101  (H).    Granite,  interbedded  with  mica  schist  at  same  place. 

No.  102  (H).  Mica  schist  containing  numerous  garnets.  From; 
foot  of  Oak  rapids. 

No.  103  (H).  Drift  conglomerate.  Rapid  No.  80,  west  line  of  sec. 
7,  65-24. 

No.  104  (H).  Mica  schist,  interbedded  with  gneiss  and  containing 
more  or  less  hornblende.  From  Rapid  No.  81,  just  below  the  place^ 
where  the  river  leaves  Twp.  65-24. 

No.  105  (H).  Syenite  or  dioryte,  hard,  massive  and  not  at  all 
jointed.    From  the  next  point  below  Rapid  No.  31. 

No.  106  (H).    Doleryte,  from  dyke  just  above  Rapid  No.  87. 

No.  107  (H).    Mica  schist,  cut  by  gneiss.    Rapid  No.  89.  • 

No.  107A  (H).  Same  gneiss  containing  garnets,  beryl  (?)  and  tour- 
maline 

No.  107B  (H).    Tourmaline;  same  locality. 

No.  108  (H).  Samples  of  inclusions  in  107  (H)  composed  of  biotite 
and  augite  (  ?) 

No.  109  (H).    Boulder  clay.    From  west  bank  of  river  about  four 

miles  and  a  half  below  Rapid  No.  39. 

68 
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No.  110  (H).  Black  gravel  and  sand.  From  northeast  side  of  river 
about  four  and  a  half  miles  below  Rapid  No.  40,  (Onakaiamis  baehtik). 

BAIKT  LAKE  BIYEB. 

No.  Ill  (H).  PyritoQSy  chloritic  mica  schist.  From  a  small  island 
in  the  river  three  miles  and  a  half  below  Fort  Francis. 

No.  112  (H).     Mica  schist.     Same  place  as  last. 

No.  113  (H).  Green  hydromica  schist,  British  side  of  river,  a  mile 
and  a  half  below  Fort  Francis. 

No.  114  (H).  Siliceous  schist  containin.s:  mica  more  or  less  hydrated. 
Same  locality  as  last. 

No.  lis  (H).  Dyke  rock  with  superinduced  schistosity.  Same 
place. 

No.  116  (H).  Quartzose  beds  in  mica  schist.  A  short  distance  ap 
the  river  from  last. 

Nos.  117  (H),  117A  (H),  117B  (H),  117C  (H)  and  117D  (H)  iUus- 
trate  a  gradual  transition  from  massive  porphyry  to  mica  schist.  From 
a  small  island  in  the  riyer  about  a  mile  below  Fort  Francis. 

No.  117E  (H)  shows  an  abrupt  contact  between  the  two. 

No.  117F  (H).  A  porphyritic  nodule  or  inclusion  in  the  mica 
schist.     Same  locality. 

Nos.  118  (H)  and  118 A  (H).  Specimens  of  rock  similar  in  appear- 
ance and  from  contiguous  strata;  one  containing  mica,  the  other  horn- 
blende.    From  a  small  island  just  east  of  the  last. 

No.  119  (H).  Showing  contact  between  the  schist  inclusions  and 
the  porphyry  which  contains  them.    Same  locality. 

No.  120  (H).  Porphyritic  schist  containing  both  mica  and  horn* 
blende.     Same  locality. 

No.  121  (H).  Greenstone  having  the  appearance  of  trap,  from  the 
west  end  of  a  dyke  (?)  on  the  American  bank  a  short  distance  above 
last  locality. 

No.  121A  (H).  A  specimen  from  the  same  dyke  (?)  ten  feet  farther 
east,  having  a  schistose  structure. 

,  No.  122  (H).    Doleryte  (?).     From  a  dyke  a  little  farther  up  stream 
than  the  last. 

No.  122A  (H).  Specimen  from  the  same  dyke  resembling  the  por- 
phyry which  it  cuts. 

No.  123  (H).  Porphyry  containing  chlorite  and  pink  feldspar. 
Near  last. 

No.  124  (IT).    Mica  schist  grading  into  diabase.    Same  locality. 

No.  123  (H).     Porphyritic  gneiss.    From  the  falls  at  Fort  Francis. 
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No.  126  (H).  Porphyritic  syenite,  containing  red  and  green  feld- 
spar.   N.  W.  i  sec.  86,  71-24. 

• 

No.  127  (H).  Fine,  jointed  mica  schist.  Canadian  side  of  the  riyer 
at  the  Indian  agency. 

BAINT  LAKE. 

No.  128  (H).  Mica  schist  and  siliceous  schist  in  fine  beds,  twisted 
and  folded  together.    East  side  of  point  in  N.  W.  i  sec.  29,  71-23. 

No.  129  (H).  Semi-crystalline  rock  in  dyke-like  beds,  generally, 
but  not  always,  conformable  to  the  schist.  From  N.  £.  i  sec.  29, 
71-23. 

No.  130  (H).  Mica  schist,  containing  veins  of  quartz  stained  very 
dark  red.    N.  W.  i  sec.  28,  71-23. 

No.  131  (H).     Felsitic  mica  schist.    Same  locality. 

No.  132  (H).  Fine,  hard,  green  mica  schist.  Center  of  sec.  28, 
71-23. 

No.  133  (H).  Mica  schist,  with  long,  slender  crystals  of  hornblende 
^     on  the  surface.     Same  locality. 

No.  134  (H).    Trap  rock.    From  a  dyke  in  N.  E.  i  sec.  28,  71-23. 

No.  134A  (H).  Same  rock,  with  crystals  of  epidote  (  ?)  on  weath- 
ered surface. 

No.  135  (H).  Soft,  ferruginous  schist  in  mica  schist.  A  little  east 
of  last. 

No.  136  (H).  Hard,  micaceous,  hornblende  schist.  A  little  east  of 
last. 

No.  137  (H).  Heavy,  black  mineral,  occurring  in  veins  in  the  rock 
at  last  locality. 

No.  138  (H).    Dyke  rock  from  a  small  dyke  just  east  of  last. 

No.  139  (H).  Variegated  schist,  containing  much  quartz  and  feld- 
spar and  a  green  mineral. 

No.  140  (H).  Fine,  thin-bedded  mica  schist.  N.  E.  i  sec.  28, 
71-23. 

No.  141  (H).     Hydromica  schist.     East  of  last. 

No.  142  (H).  Gneiss  cutting  mica  schist.  South  end  of  island  in 
N.  E.  i  sec.  28,  71-23. 

No.  143  (H).     Granulyte  veins  cutting  142  (H). 

No.  143A  (H).  Mica  schist  in  small  beds  enclosed  in  142  (H)  and 
143  (H). 

No.  144  (H).    Mica  schist  in  irregular  masses  enclosed  in  142  (H). 

Nos.  145  (H),  145A  (H).  145B  (H),  145C  (H),  145D  (H),  145E  (H) 
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and  145F  (H)  show  the  change  in  the  character  of  a  dyke  from 
the  edge  toward  the  middle.    N.  E.  i  N.  E.  i  sec.  27,  71-23. 

No.  146  (H).  Epidote  found  in  connection  with  the  same  dyke 
farther  southeast. 

No.  147  (H).  Sample  from  same  dyke  from  an  island  south  of  the 
point  in  N.  W.  i  sec.  26,  71-23. 

No.  148.  (H).  Coarse  dark  schist  contained  in  the  dyke  in  S.  E.  i 
sec  26,  71-23. 

Nos.  149  (H)  and  149A  (H)  are  samples  showing  a  schistose  aspect 
of  this  dyke-rock. 

No.  150  (H).  Heavy,  black  mineral  from  mica  schist  in  S.  E.  i 
S.  W.  i  sec.  25,  71-23. 

No.  151  (H).  Siliceous  mica  schist  from  S.  E.  i  S.  E,  i  sec.  25, 
71-23. 

No.  152  (H).     Conglomeritic  mica  schist.    S.  W.  i  sec.  30,  71-22. 

No.  153  (H).    Soft,  fine,  green  mica  schist.     Same  locality. 

No.  154  (H).  Pebbles  from  conglomeritic  schist,  east  of  last,  in 
sec.  30,  71-22. 

No.  155  (H).     Gneissic  mica  schist:     Same  place  as  last. 

Nos.  156  (H),  156A  (H)  and  156B  (H)  show  a  change  from  mica 
schist  to  fine  granulyte. 

No.  157  (H).  Hydromica  schist.  From  an  island  in  N.  E.  i  sec. 
82,  71-22. 

No  158  (H).    Gneiss.    N.  E.  i  N.  W.  i  sec.  10.  70-22. 

No.  159  (H).  Soft  and  crumbling  mica  schist.  From  ''Black 
bay,"  S.  W.  i  sec.  13,  70-22. 

KABETOOAHAK. 

No.  160  (H).  Mica  schist  with  the  biotite  in  circular  aggregations 
and  spots.    N.  E.  i  N.  W.  i  section  30,  70-21. 

No.  161  (H).  Coarse  muscovite  gneiss  interbedded  with  mica  schist. 
From  the  small  island  in  S.  W.  i  S.  E.  i  sec.  30,  70-21. 

No.  162  (H).    Graphic  granite.     N.  E.  i  N.  W.  i  sec.  6,  69-21. 

No.  163  (H).  Coarse  gneiss.  Same  locality,  contains  scales  which 
are  half  biotite  and  half  muscovite. 

No.  164  (H).    Porphyritic,  biotite  gneiss.     S.  W.  i  sec.  25,  69-21. 

No.  166  (H).    Mica.    Sec.  31,  70-21. 

No.  166  (H).  Gneiss,  containing  much  biotite.  North  side  of  lake 
in  T.  69-20. 

NAHBKAK  LAKB. 

No.  167  (H  ).    Gneiss.    S.  W.  i  S.  W.  i  sec.  28,  69-19. 
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No.  168  (H).  Gneiss,  containing  much  muscovite.  N.  W.  i  S.  E. 
i  sec.  30,  69-18. 

No.  169  (H).  Gneiss.    S.  W.  i  sec.  26,  69-18. 

No.  170  (H).  Dioryte.    S.  E.  i  N.  W.  i  sec.  29,  69-17. 

No.  171  (H).  Gneiss.    S.  E.  i  N.  W.  i  sec.  21,  69-18. 

No.  172  (H).  Garnetiferoas  gneiss.    Foot  of  Settle  falls. 

BAINY  LAKB. 

No.  173  (H).  Hard,  fine,  brittle  mica  schist.  The  rock  at  the 
American  or  North  Kettle  fall. 

No.  174  (H).     Coarse  gneiss,  garnetiferous.     Same  locality. 

No.  174A.  (H).    Mica  from  174  (H). 

No.  176  (H).    Hydromica  schist.     Same  locality. 

No.  176  (H).  Gneiss  containing  green  muscovite.  From  the  point 
near  the  centre  of  S.  W.  i  sec.  27,  70-18. 

No.  177  (H).    Nodule  of  hard  mica  schist     Same  locality. 

No.  178  (H).  Conglomeritic  boulder  of  mica  schist.  S.  E.  i  S. 
W.  i  sec.  21,  70-18. 

No.  179  (H).    Porphyritic,  coarse  gneiss.     Just  north  of  last. 

No.  180  (H).    Coarse  gneiss.    N.  W.  i  S.  W.  i  sec.  21,  70-18. 

No.  180A  (H).     Pegmatyte.     From  last. 

No.  181  (H;.     Red  mica  schist.    Same  locality. 

No.  182  (H).     Gneiss  from  an  intrusion.     Same  locality. 

No.  183  (U).     Garnetiferous  gneiss.     Same  place. 

No.  184.  (U).  Coarse,  garnetiferous  gneiss.  From  a  small  island 
in  S.  E.  i  S.  W.  i  sec.  21,  70-18. 

No.  184A  (H).  Radiated  masses  of  quartz  and  mica  in  fine  grains 
and  scales  (greisen  ?).     Same  locality. 

No.  184B  (H).    Muscovite  from  184  (H). 

No.  185  (U).     Mica  schist  lying  on  east  side  of  184  (H). 

No.  186  (H).    Gneiss.    S.  E.  i  sec.  20,  70-18. 

No.  187  (H).     Graphic  granite.     S.  W.  i  S.  W.  i  sec.  19,  70-18. 

No.  188  (H).  Same  as  184A  (H).  From  the  point  on  the  south 
line  of  S.  E.  i  sec.  23,  70-19, 

No.  189  (H).  Garnetiferous  gneiss  containing  green  muscovite  and 
in  contact  with  mica  schist,  N.  W.  i  S.  W.  i  sec.  23,  70-19. 

No.  189A  (H).    Same  as  184A  (H).    Same  locality  as  last. 

No.  190  (H).  Pebbles  from  a  recess  in  the  shore,  S.  W.  i  N.  W. 
i  sec.  21,  70-19. 

No.  191  (H).    Mica  schist.    N.  W.  i  sec.  20,  70-19. 

No.  m  (U).    Chloritic  mica  schist.    S.  £.  i  sec.  19,  70^19. 
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No.  192A  (H).    Hornbleudic  rock  from  veins  in  last. 

No.  193  (H).     Horizontally  stratified  mica  schist.    N.  E.  i  N.  W^ 
i  sec.  15,  70-20. 

No.  194  CH).    Mica  schist.    S.  E.  i  S.  W.  i  sec.  10,  70-20. 

No  194A  (H).     Garnetiferoas  mica  schist.     Same  locality. 

No.  195  (H).     Gneiss.    B.  W.  i  S.  W.  i  sec 9,  70-20. 

No.  196  (H).  Average  specimen  of  mica  schist  from  N.  W.  iS.  W* 
i  sec.  8,  70-20 

No.  197  (H).    Hard  mica  schist.     S.  i  sec.  7,  70-20. 

No.  197 A  (H).    Qaartz  vein  in  last. 

No.  198  (H).  Coarse  gneiss  containing  green  mica.  N.  E.  i  N. 
E.  i  sec.  12,  70-21. 

No.  198A  (H).     Fine  gneiss.     Same  place. 

No.  199  (H).    Cyanite.    N.  E.  i  N.  W.  i  sec.  12,  70-21. 

No.  200  (H).  Garnetiferous  mica  schist.  S  E.  i  S.  W.  i  sec.  1, 
70-21. 

No.  201  (H).    Mica  schist.    S.  E.  i  N.  W.  i  sec.  S3,  71-20. 

No.  202  (H).  Mica  schist  v^ith  the  biotite  in  spots.  N.  E.  i  see* 
32,  71-20. 

No.  203(H).  Hard,  thick- bedded  mica  schist  S.  W.  i  sec.  29^ 
71-20. 

No.  204  (H).     Hydromica  schist.     N.   W.  i  S.  W.  i  sec.  29,  71-20. 

No.  205  (H).     Siliceous  mica  schist.  S.  W.  i  S.  E.  i  sec.  26,  71-21. 

Nos.  206  (H),  206A  (H),  206B  (H),  206C  (H),  206D  (H)  and  206E 
CH)  represent  a  transition  from  mica  schist  to  amphibolyte.  S.  E.  i 
N.  W.  i  sec.  35,  71-21. 

No.  206F  (H).  Same  as  206E  (H\  (amphibolyte)  containing  much 
quartz  in  veins. 

No.  207  (H).  Hydromica  schist,  garnetiferous.  S.  W.  i  N.  W.  i 
sec.  14.  71-21. 

No.  208  (H).  Light-colored,  siliceous  mica  schisk  S,  W.  i  N.  W. 
i  sec.  33,  71-21. 

No.  209  (H).     Felsitic  schist.     N.  W.  i  N.  E.  i  sec.  32,  71-21. 

No.  210  (H).    Mica  schist.     S.  E.  i  N.  .W.  i  sec.  32,  71-21. 

No.  211  fH).    Greenstone.    N.  E.  i  N.  W.  i  sec.  31,  71-21. 

No.  212  (H).    Mica  schist.     N.  E.  i  N.  W.  i  sec.  31,  71-21. 

No.  212A  (H).     Schist  just  north  of  last. 

No.  212B  (H).     Light-colored  schist  on  both  sides  of  212  (H). 

No.  213  (H).     Hydromica  schist.     S.  E.  i  S.  E.  i  sec.  24,  71-22. 

No.  214  (H.)  Light-colored,  siliceous  schist.  On  an  island  in  S.  E. 
J  S.  E.  i  sec.  28,  71-22. 
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No.  215  (H).  Siliceous  schist.  South  side  of  the  island  in  N.  E.  i 
S.  W.  isec.  28,  71-22. 

No.  216  (H).  Hydromica  schist  and  gray  wacke.  On  the  east  end 
of  t^e  island  in  S.  E.  i  sec.  19,  71-22. 

No.  217  (H).     Diabasic  schist.    N.  E.  i  S.  E.  i  sec.  19,  71-22. 

No.  218  (H).  Hydromica  schist.  South  side  of  an  island  about  a 
quarter  of  a  mile  west  of  last. 

No.  219  (H).  Light-colored,  feldspathic  micfa  schist  stained  with 
iron  rust.    S.  E.  i  S.  W.  i  sec.  24.  71-23. 

No.  221  (H).  Doleryte  containing  much  magnetite.  On  the  point 
in  S.  E.  i  S.  E.  i  sec.  23,  71-23. 

No.  222  (H).    Hardened  mica  schist  lying  on  east  side  of  last. 

No.  223  (H).  Hard,  green  schist  lying  between  mica  schist  on  the 
south  and  hydromica  schist  on  the  north.  S.  W.  i  S.  W.  {,  sec.  23,. 
71-22. 

BIO  FOBK  BIVEB. 

No.  224  (H).  Clay  containing  fresh  water  shells.  From  banks 
fifteen  feet  high,  about  seven  miles  up  the  river. 

No.  225  (H).  Mica  schist  containing  large  garnets.  From  drift  at 
same  place. 

No.  226  (H).  Greenstone.  East  bank  of  river,  about  thirty -three 
miles  above  Rainy  Lake  river. 

No/ 227  (H).  Mica  schist  and  gneiss.  Just  below  the  "  Big  falls,  "^ 
about  forty-one  miles  up  the  river. 

No.  227A  (H).    Dyke  rock  cutting  No.  227  (H). 

No.  228  (H).     Trap.    From  dyke  at  head  of  '*  Big  falls." 

No.  229  (H).  Gneiss  and  mica  schist  from  immediate  contact  with 
the  dyke. 

No.  230  (H).  Samples  of  the  ^eiss  and  schist  which  underlie  the 
principal  part  of  the  falls.  (The  last  four  numbers  are  from  sec.  36* 
or  sec.  35,  155-25). 

No.  231  (H).     Gneiss.     In  the  river,  about  a  mile  above  the  falls. 

No.  232  (H).  Limestone  pebbles  and  Cretaceous  shale  from  a  clay 
bank  about  sixty-three  miles  up  the  river,  near  sec.  1,  152-25. 

No  233  (H).  Fine  mica  schist.  About  seventy-seven  miles  above 
the  mouth. 

No.  234  (H).     Trap  from  dyke  a  little  above  last. 

No.  235  (H).     Schist  from  edge  of  the  same  dyke. 

No.  236  (H).  Dyke-rock,  light  colored  and  having  the  composition 
of  granite.    Same  locality. 
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No.  287  (H).    Schist;  fine«  micaceoas.    Same  place. 

No.  238  (H).  Fine,  green,  diabasic  schist,  about  eighty«three  miles 
above  the  mouth  of  the  river  at  the  head  of  a  rapid. 

No.  239(H).  Dyke-rock.  From  the ''Little  falls'*;  abo»t  eightj- 
five  and  one-half  miles  up  the  river. 

No.  239 A.  (H).    Samples  of  green  veins  seen  in  the  dyke. 

No.  239B  (H).     Specimen  from  dyke  showing  apparent  schistosity. 

No.  239C  (H).     ''Sliokensides"'    from  same  dyke. 

No.  239D  (H).    From  a  vein  of  quartz  and  calcite  in  the  dyke. 

No.  210  (H).    Diabase,  about  forty  rods  above  the  falls. 

No.  241  (H).  Cretaceous  (?)  clay.  About  ninety -three  miles  up 
the  Big  Fork  at  the  foot  of  a  rapid. 

No.  2i'2  (H).    Syenite  from  a  large  boulder.    Same  place. 

No.  243  (H).  Oreen  schist  containing  a  little  mica.  At  the  dam 
on  Deer  river,  about  half  a  mile  from  the  Big  Fork. 

No.  244  (H).  Porphyritic  greenstone.  About  three  miles  above 
the  mouth  of  Deer  river,  one  hundred  and  four  miles  above  the  mouth 
of  the  Big  Fork. 

No.  244A  (H).    Same  as  244  (H) :  but  containing  pyrites. 

No.  245  (H).  Hard,  jointed,  green  rock  similar  to  244  (H).  Aboat 
two  and  one-half  miles  farther  up  stream,  contains  calcite. 

Nos.  246  (H),  246 A  (H)  and  246 B  (H)  are  specimens  of  dioryte  of 
•different  grades  of  coarseness.     About  a  mile  above  last. 

No.  247  (H).    Feldspathic  greenstone.    Foot  of  Rice  River  rapids; 
about  one  hundred  and  eleven  miles  above  Rainy  Lake  river. 
*     No.  247 A  (H).    A  felsitic  variety  of  the  same  rock. 

Nos.  248  (H),  248A  (H)  and  248B  (H)  illustrate  the  change  from 
greenstone  schist  to  dioryte  or  syenite.   248B  (H)  is  very  homblendic. 

No.  249  (H).    Feldspathic  greenstone.    A  little  south  of  last 

No.  260  (H).  Quartz  dioryte.  About  120  miles  up  the  Big  Fork, 
at  the  west  side  of  sec.  30,  61-26. 

No.  250A  (H).  Rock  similar  to  250  (H).  From  east  side  sec.  35, 
61-27. 

No.  251  (H).  Chloritic,  porphyritic  granulyte.  About  fonr  miles 
above  the  last. 

No.  252  (H).     Siliceous  dioryte  (!).    About  three  miles  above  last. 

No.  252A  (H).    Quartz  crystals  from  a  geode  in  252  (H). 

No.  253  (H).    Syenite.    In  the  woods  24  rods  east  of  252  (H). 

No.  254  (H).  Syenite.  From  the  next  bend  in  the  river  above 
253  (H). 
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No.  255  (H).  Limestone  fragments  from  the  bed  of  the  creek  lead- 
ing into  lake  Winibigoshish  in  T.  147-27. 

MISSISSIPPI  RIVEB. 

No.  256  (E).    Qaartzyte.    N.  E.  i  N.  W.  i  sec.  13,  55-26. 

No.  257  (H).  Nodules  of  sesquioxide  of  iron.  From  the  quartzyte 
at  Pokegama  falls. 

No.  258  (H).  Quartzyte  showing  decomposition  and  bedding  struc- 
ture.   Pokegama  falls. 

No.  259  (H),    Quartzyte  containing  catlinite  (?}.     Same  locality. 

PBAIRIB  BIYEB. 

No.  260  (H).  Ferruginous  quartzyte.  Foot  of  ** Lower  falls"  of 
Prairie  river. 

No.  260  A  (H).    Hematite.    Same  place. 

No.  261  (H).     Quartzyte.    Lower  part  of  Lower  fall. 

No.  262  (H).  Fine  conglomerate.  About  two-thirds  of  the  way 
from  the  foot  to  the  head  of  the  Lower  fall. 

No.  263  (H).  Jaspery,  ferruginous  quartzyte  containing  chalce- 
<lonic  quartz.     Same  place. 

No.  264  (H).  Quartzyte;  showing  rusty  ferruginous  spots.  Same 
locality. 

No.  265  (H).    Quartzyte  from  upper  end  of  Lower  fall. 

No.  266  (H).  Gneiss,  from  a  large,  irregular*shaped  mass,  at  foot 
of  Lower  fall. 

No.  267  (H).  Fine,  gray  gneiss.  From  foot  of  "  Upper  fall,'*  east 
side  sec.  33,  55-25. 

No.  268  (H).  Different  varieties  of  gneiss  seen  in  going  from  the 
foot  to  the  head  of  the  Upper  fall. 

No.  268A  (H).    Gypsum.    Upper  falls,  Prairie  riyer. 

No.  269(H).    Garnetiferous  granite     Same  place. 

No.  270  (H).    Gneiss,  containing  red  feldspar.    Locality  the  same. 

No.  271  (H).  Gneiss,  similar  to  that  at  the  Upper  fall.  N.  W.  i 
fiec.  34,  56-25. 

No.  272  (H).    Micaceous  syenite  gneiss.    Northeast  of  last. 

No.  273  (H).  Gneiss,  containing  reins  of  dark-red  feldspar.  Same 
place. 

No.  274  (H).    Dark,  green  rock,  like  doleryte.      Locality  the  same. 

No.  275  (H).  Porphyritic,  hornblendic  gneiss.  S.  E.  i  sec.  27, 
56-26. 

No.  275 A  (H).    Coarse,  red,  museovite  granite;  catting  last. 
59 
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No.  29i  (H).  Gneiss.  From  a  small  island  in  southeast  end  of  the 
lake. 

ELBOW    LAKE. 

No.  295  (H).  Mica  schist.  From  the  bay  east  of  the  one  to  which 
the  portage  from  Sasan  lake  leads. 

No.  296  (H).     Gneiss.    From  same  bay,  north  pf  last. 

No.  297  (H).  Rock  similar  to  292  (fl).  From  northeast  end  of  El- 
bow lake. 

No.  298  (H).    Ghloritic  gneiss.     Same  locality. 

No.  299  (H).  Fine,  red  syenite  gneiss.  From  the  deep  bay  directly 
north  of  the  portage  from  Susan  lake,  on  the  opposite  side  of  Elbow 
lake. 

No.  300  (H).     Fine,  gray  biotite  gneiss.    Southwest  of  last. 

No.  301  (H).  Coarse  granular  gneiss  containing  pink  and  white^ 
feldspar.    Same  locality. 

No.  302  (H).    Rock  similar  to  292  (H).    From  a  bay  on  the  north 

side  of  the  lake  near  the  west  end. 

No.  303  (H).  Similar  to  last  but  containing  more  feldspar.  From 
a  point  west  of  last. 

No.  304  (H).     Gneiss  from  the  top  of  Bald  Mt.    North  of  Elbow 

river,  in  south  part  of  T.  6449. 

No.  305  (H).     Mica  schist.    From  same  place. 

PBLIOAK  LAKB« 

No.  306  (H).    Pink  gneiss.     N.  E.  i  S.  W.  i  sec.  2,  64-20. 

No.  307  (H).     Mica  schist.     Same  locality. 

No.  308  (H).  Fine  gray  gneiss.  From  south  side  of  point  in  N. 
E.  i  S.  W.  i  sec.  2,  64-20. 

No.  309  (E).  Dyke  rock  from  an  island  in  N.  E.  i  S.  E.  i  sec.  3, 
64-20. 

No.  310  (H).  Hornblendic  mica  schist.  From  an  island  near  the 
centre  of  sec.  3,  64-20. 

No.  310A  (H).  Heavy,  dark,  hornblendic  rock  containing  round 
grains  of  feldspar  that  resemble  amygdules.    Interbedded  with  last» 

No.  311  (H).  Hornblendic  porphyritic  gneiss.  N.  E.  i  sec  1% 
64-21. 

No.  312  (H).  Mica  schist  enclosed  in  gneiss.  From  point  in  N.  E. 
i  N.  W.  i  sec.  12,  64-21. 
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No.  276  (H).  Hornblende  schist,  containing  mica.  Upper  end  of 
Upper  fall. 

No.  276A  (H).     Same  as  last;  cut  by  a  vein  of  red  feldspar 

No.  277  (H;.  Fine  hornblende  schist  cutting  the  gneiss. 

No.  277A  (H).  Showing  the  contact  between  the  gneiss  and  No» 
277  (H). 

No.  278  (H).  Fine  hornblende  gneiss.     Same  locality. 

No.  279  (H).  Fine,  biotite,  muscovite  gneiss.  S.  E.  i  N.  E.  i  sec. 
6,  66-24. 

No.  280  (H).  Gneiss.     N.  W.  i  N.  W.  i  sec.  9.  66-24. 

No.  281  (H).  Gneiss.    S.  W.  i  sec.  83,  57-23. 

No.  282  (H).  Bluish-gray  clay.  From  the  bed  of  Sucker  brook,  in 
sec.  27,  57-24. 

No.  283  (H).  Coarse^  jointed,  chloritic  gneiss.  Upper  end  of  Up- 
per fall. 

HISSIS8IPPI  BIYSB. 

No.  284  (H).  Blue  and  red  clay.  From  the  river  banks  in  T. 
64-24. 

No.  285  (H).  '*  Silver  ore,"  so-called.  T.  61-23.  (Upon  analysis, 
this  rock  was  found  to  contain  no  traces  of  either  gold  or  silver). 

HOODOO  LAKE. 

No.  286  (H).  Gneissic  mica  schist.    N.  E.  i  S.  W.  i  sec.  4,  63-18. 

No.  286A.  (H).  Gneiss.    North  side  of  Hoodoo  lake. 

No.  287  (H).  Hydromica  schist,  very  siliceous.  N.  E.  i  S.  E.  i 
sec.  6,  63-18. 

No.  288  (H)«  Ferruginous  hornblende  schist.     West  of  last. 

No.  289  (H).  Fine  syenite  gneiss.    West.of  last. 

No.  290  (H).  Soft,  red  mica  schist.  At.'portage  in  N.  W.  i  S.  E, 
i  sec.  5,  63-18. 

SU6AK  LAKE. 

No.  291  (H).  Fine  mica  schist.  On  a  small  island  in  sec.  32, 
64-18. 

No.  292  (H).  Rock  composed  of  hornblende  and  biotite«  with  a 
little  feldspar.    Same  locality. 

No.  292A  (H).    Same  as  last  with  graphite(  ?). 

No.  293  (H).  Pink  mica  schist  containing  green  mica.  S.  E.  i  S» 
E.  i  sec.  32.  64-18. 


STATB    GEOLOQXBT.  475 

No.  29i  (H).  Gneiss.  From  a  small  island  in  southeast  end  of  the 
lake. 

ELBOW    LAKE. 

No.  295  (H).  Mica  schist.  From  the  bay  east  of  the  one  to  which 
the  portage  from  Susan  lake  leads. 

No.  296  (H).     Gneiss.    From  same  bay,  north  of  last. 

No.  297  (H).  Rock  similar  to  292  (H).  From  northeast  end  of  El- 
bow lake. 

No.  298  (H).    Chloritic  gneiss.    Same  locality. 

No.  299  (H).  Fine,  red  syenite  gneiss.  From  the  deep  bay  directly 
north  of  the  portage  from  Susan  lake,  on  the  opposite  side  of  Elbow 
lake. 

No.  300  (H).    Fine,  gray  biotite  gneiss.    Southwest  of  last. 

No.  301  (H).  Coarse  granular  gneiss  containing  pink  and  white^ 
feldspar.    Same  locality. 

No.  302  (H).    Rock  similar  to  292  (H).    From  a  bay  on  the  north 

side  of  the  lake  near  the  west  end. 

No.  303  (H).  Similar  to  last  but  containing  more  feldspar.  From 
a  point  west  of  last. 

No.  304  (H).    Gneiss  from  the  top  of  Bald  Mt.    North  of  Elbow 

riyer,  in  south  part  of  T.  64-19. 

No.  305  (H).    Mica  schist.    From  same  place. 

PBLIOAN  LAKB. 

No.  306  (H).    Pink  gneiss.     N.  E.  1  S.  W.  i  sec.  2,  64-20. 

No.  307  (H).    Mica  schist.    Same  locality. 

No.  308  (H).  Fine  gray  gneiss.  From  south  side  of  point  in  N. 
E,  i  S.  W.  i  sec.  2,  64-20. 

No.  309  (E).  Dyke  rock  from  an  island  in  N.  E.  i  S.  E.  i  sec.  3, 
64-20. 

No.  310  (H).  Hornbleudic  mica  schist.  From  an  island  near  the 
centre  of  sec.  3,  64-20. 

No.  310A  (H).  Heavy,  dark,  hornblendic  rock  containing  round 
grains  of  feldspar  that  resemble  amygdules.    Interbedded  with  last» 

No.  311  (H).  Hornblendic  porphyritic  gneiss.  N.  E.  i  sec.  12, 
64-21. 

No.  312  (H).  Mica  schist  enclosed  in  gneiss.  From  point  in  N.  £. 
i  N.  W.  i  sec.  12,  64-21. 
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No.  313  (H).  Coarse,  granular,  white»  siliceous  gneiss.  N.  E.  i 
sec.  35,  65-20.* 

No.  314  (H).    Siliceous  granite.     Same  locality. 

No.  315  (H).  Mica  schist  containing  a  vein  of  granite.  From 
small  island  near  S.  E.  i  sec.  26,  65-20.* 

No.  316  (H).     Micaceous  hornblende  schist.    Same  island. 

No.  317  (H).  Dark  robk  similar  to  last,  but  more  schistose,  and 
containing  vitreous  quartz  grains.  About  a  quarter  of  a  mile  north- 
west of  last. 

No.  318  (H).     Gneissic  mica  schist.     Near  N.  W.  i  sec.  26,  65-20. 

No.  318A  (H).  Mica  schist,  interbedded  with  hornblendic  mica 
schist.     Same  locality. 

No.  319  (H).     Handsome  gray  gneiss.    Just  west  of  last. 

No.  320  (H).     Syenite.    A  short  distance  north  of  last. 

No.  321  (H).  Hornblende  schist  enclosed  in  gneiss.  From  the 
island  in  N.  W.  i  sec.  26,  65-20. 

No.  321A  (H).  Samples  of  mica  and  radiations  of  mica  scales  and 
quartz  grains  (greisen  ?).    Same  island. 

No.  322  (H).  Siliceous  mica  schist  containing  pyrite,  hornblende, 
malachite,  chalcopyrite  and  a  greenish-yellow  mineral.     Same  island. 

No.  323  (H).     Breccia.     Point  near  S.  W.  i  sec.  29,  65-20. 

No.  324  (H).  Micaceous,  porphyritic  syenite.  From  an  island  in 
N.  E.  i  sec.  31,  65-20. 

No.  325  (H).  Pyritous,  garnetiferous,  micaceous  syenite  gneiss. 
From  the  small  island  in  N.  W.  i  sec.  31.  65-20. 

No.  325A  (H).     Fine,  hornblendic  gneiss.     Same  locality. 

NET  LAKE. 

No.  326  (H).  Mica  schist.  From  a  small  island  near  the  east  side 
of  the  lake,  west  of  the  Indian  village. 

No.  326A  (H).  Rock  composed  of  feldspar,  quartz  and  some  green* 
ish-brown  mineral.     Same  island. 

No.  327  (H).    Trap,  cutting  326  (H). 

PELICAN  LAKE. 

Samples  of  the  rock  on  the  point  in  sec.  35,  65-21,  and  illustrated  in 
£gure  No.  16  are 

No.  328  (H).    Mica  schist. 

No.  329  (H).     Hornblendic  inclusions. 

No.  330  (H).     Porphyritic  gneiss. 

•  All  locailoQfl  given  In  Twp.  65-20  are  only  approximately  correct,  aa  the  township  ia  Boaamyed. 
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No.  330A  (H).    Mica  schist  in  con^ct  with  the  gneiss. 

No.  330B  (H).     Contact  of  gneiss  with  hornblendic  inclusions. 

No.  330G  (H).    Dyke  of  fine  diabase  catting  enclosed  mica  schist. 

No.  330D  (H).     Mica  schist  containing  '^geodules*'  of  garnets. 

No.  330E  (H).  Sample  of  granite  intrusion  or  ''stringer*'  from  the 
main  mass. 

No.  331  (H).    Pegmatyte.    N.  E.  i  sec.  30,  65-20. 

No.  332  (H).  Heavy,  green  rock,  mostly  composed  of  hornblende, 
in  contact  with  gneiss.    N.  W.  i  sec.  36,  65-20. 

No.  332A  (H).    Same  rock  near  its  contact  with  mica  schist. 

» 

TBOUT  LAKE. 

No.  333  (H).  Siderite.  On  masses  of  quartz  at  the  old  "stamp 
mill"  on  the  stream  between  Trout  lake  and  Vermilion  lake. 

No.  384  (H).  Mica  schist.  In  the  river  channel,  between  the  two 
lakes. 

No.  336  (H).  Hornblende  schist  containing  red  feldspar.  Same 
place. 

No.  336  (H).  Gneiss,  more  or  less  hornblendic.     Same  locality. 

No.  337  (H).  Showing  contact  between  mica  schist  and  red  gneiss. 
Same  locality. 

No.  338  (H).  Fine,  gray,  porphyritic  gneiss.  N.  W.  i  N.  W.  i  sec. 
19,  63-16. 

No.  339  (H).  Gneissic  schist  with  the  mica  partly  hydrated.  Same 
locality. 

No.  840  (H).  Syenite  gneiss.    North  side  of  point  at  last  place. 

No.  841  (H).  Gneiss.    S.  E.  i  N.  E.  i  sec.  13,  63-16. 

No.  842  (ti).  Granite  intrusion  cutting  mica  schist.   Same  locality. 

No.  348  (H).  Hornblendic  mica  schist.  S.  W.  i  S.  W.  i  sec.  18, 
63-16. 

No.  344  (H).  Mica  schist.    Same  place. 

No.  345  (H).  Porphyritic  syenite  gneiss.  S.  W.  i  S  E.  i  sec.  14, 
68-16. 

No.  845  A  (H).  Nodules  of  amphiboly  te  and  actinolite.  Same  place. 

No.  846  (H).  Reddish  biotite  gneiss,  N.  W.  i  sec.  14,  63-16. 

No.  847  (H).  Red  chlorite  gneiss.    S.  E.  i  S.  W.  i  sec.  15,  68-16. 

No.  848  (H).  Fine,  pinkish  granite.  N.  E.  i  S.  E.  i  sec.  10, 68-16. 

No.  449  (H).  Muscovite  in  quartz.     Same  locality. 

No.  849A  (H).     Coarse  orthoclase.    Same  place. 

No.  360  (H).  Granite.    S  E.  i  N.  W.  i  sec.  11,  68-16. 

No.  851  (H).  Porphyritic  syenite.    N.  E.  i  N.  W.  i  sec.  11.  68-16. 
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No.  352  (H).    Horablendic  gneiss.     N.  E.  i  sec.  11,  63-26. 
'   No.  353  (H).     Fine,  gray,  biotite  gneiss  containing  plagioclase.    S. 
E.  i  N.  E.  i  sec.  11,  63-16. 


NOTES 
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THE  lOLLUSCAN  FAIA  OF  HIIESOTA 


ULY.   S.   GRANT. 


NOTES  ON  THE  MOLLUSCAN  FAUNA  OF  MINNESOTA, 

By  Uly.  8.  Grant. 

Since  the  publication,  in  the  Fourteenth  (1885)  Annual  Report,  of 
a  list  of  the  mollusca  in  the  University  museum,  a  few  species  and  a 
larger  number  of  specimens  have  been  collected.  These  specimens 
are  mostly  from  the  three  north-eastern  counties  of  the  state,  St. 
Louis,  Lake  and  Cook,  and  were  collected  by  the  writer  during  the 
last  two  summers,  while  with  a  party  of  the  Geological  Survey.  The 
lack  of  good  transporting  accommodations  and  press  of  other  duties 
prevented  a  very  careful  and  thorough  search  being  made,  and  as  yet 
not  more  than  half  of  the  material  so  collected  has  b^n  examined 
and  classified.  The  following  very  incomplete  list  is  published  with 
the  hope  that  it  will  throw  a  small  degree  of  light  on  the  fauna  of  & 
part  of  the  state  yet  unexplored.  The  writer  soon  hopes  to  make  the 
list  more  complete;  probably  twice  as  many  species  have  been  found 
in  that  region  as  are  here  given.  The  lakes  of  the  country  passed 
over  contained  only  one  species  of  Unio^  i.  e.,  Unio  luteotua^  Lamarck, 
and  one  or  two  of  Anodanta.  The  Gasteropoda  are  represented  by  a 
very  limited  number  of  species,  and  by  far  less  individuals  than  are 
found  in  the  central  or  southern  portion  of  the  state.  The  water 
forms  are  not  abundant,  but  where  found  are  of  rather  larger  size 
than  the  same  species  found  elsewhere.  The  land  forms  are  small, 
thick  shelled,  and  possess  the  characteristics  of  a  northern  fauna. 

So  far  the  survey  has  not  received  many  shells  from  different  parts 
of  the  state,  but  it  is  hoped  that  this  will  not  long  be  the  case.  Prof. 
John  M.  Holzinger,  of  the  Winona  Normal  school  has  kindly  con- 
tributed a  good  number  of  specimens  from  that  county,  and  has  alsa 
sent  the  subjoined  list  of  Winona  county  mollusca. 

The  localities  given  below  are  additional  to  those  given  in  the  former 
list;  and  the  species  marked  (*)  are  not  found  in  that  list. 


^A 
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LIMACIDJE. 

^Zonites  nitidus^  Miiller. — Rather  common  in  damp  woods  near 
Minneapolis,  easily  confused  with  Z,  arbareus^  Say,  bat  nitidus  is  a 
larger  shell,  and  the  last  whorl  is  disproportionately  large.    2101. t 

*Zonite8  indentatus^  Say. — Winona  county.  Only  three  specimens 
are  in  the  museum,  and  these  are  rather  below  the  average  size.  1894. 

*Zonites  fulvus^  Draparnaud.— Tower,  St.  Louis  county,  and  Minne- 
apolis; quite  common;  a  very  pretty  small  shining  brown  shell. 
1950,  2098. 

*Vitrina  limpida^  Gould. — Tower,  St.  Louis  county.  Two  speci- 
mens were  found,  but  after  long  and  careful  search  no  more  could  be 
discovered.  This  is  a  very  fragile,  transparent  shell,  with  the  last 
whorl  proportionately  very  large.    1951. 

HELIOID^. 

« 

Patula  altemata,  Say. — Winona  and  Tower.  Only  three  specimens 
were  found  at  the  latter  place,  and  they  were  much  below  the  average 
size.  The  shells  from  Winona  are  subcarinate  and  quite  small.  1897, 
1952. 

Patula  striatella^  Anthony. — Winona  and  Tower.  Quite  common 
at  Tower,  where  this  shell  has  very  prominent  ribs.    1886,  1953. 

Helicodiscus  lineatus.  Say. —  Traverse  county,  Tower,  Winona. 
Some  of  the  specimens  in  the  museum  have  three  distinct  pairs  of 
teeth.    1895,  1954, 2098. 

StrobUa  labyrinthica,  Say. — Tower  and  Winona.  This  shell  has 
three  parallel  revolving  lamins  on  the  inner  wall.  The  specimens 
from  Tower  are  much  smaller  than  those  from  other  localities.  ItSdS, 
^055 

Stenotretna  hirsutum,  Say. — Winona.    1870. 

Stenotrema  monodon,  Rackett. — Winona  and  Minneapolis.  The 
specimens  found  at  the  latter  place  are  large  and  strong.    3102. 

*  Mesodon  albolahris^  Say. — Winona.  This  species  sometimes  has  a 
small  parietal  tooth,  and  then  it  is  easily  confounded  with  M.  exotttua, 
Binney,  but  the  latter  shell  is  not  found  in  Minnesota.    1905. 

Mesodon  fnuUilinecUa,  Say. — Winona.  The  specimens  from  this 
locality  are  much  smaller  than  those  found  at  Minneapolis.     1983. 

*  Mesodon  profundus.  Say. — Winona.  This  species  is  often  fonnd 
•crawling  along  the  trunks  of  trees.  Individuals  without  the  revolving 
band  are  common.    1904. 


t  These  nomben  refer  to  the  ZoologtcAl  Begifter  of  the  University  m 
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*  Accmthuinla  harpa.  Say. — Tower.  This  species  is  thought  to  be 
circumpolar;  it  is  a  very  small  umbilicated  shell  with  heavy  ribs  on 
the  last  two  whorls.     1956. 

Vallonia  pulchella,  Miiller.— Tower,  Winona  and  Big  Stone  county. 
1696,  1897,  2096. 

PUPIDiB. 

*Pi*pa  faUax,  Say.— Winona.    1890. 

STENOOYBID^. 

Feruasacia  Buhcylindrica^  Linnaeus.  Tower  and  Winona.  Rather 
rare  at  Tower.     1889,  1959. 

AUBICULID^. 

Carychium  exiguum^  Say. — Tower.  Rather  common  in  the  moss  in 
tamarack  swamps.     1964. 

r 

Limnoea  stagnalis^  Linnaeus. — Winona,  Tower  and  Lake  county. 
Not  very  common  in  the  northeastern  part  of  the  state,  but  when 
found  there  the  shell  is  usually  quite  fragile  and  of  large  size.  1880, 
1965,  2020. 

Bulimnea  megasoma,  Say.  Vermilion  lake  and  other  lakes  in  St. 
Louis  and  Lake  counties.  Rather  rare,  only  a  few  specimens  being 
found  in  the  same  locality.  The  animal  is  quit^sluggish  in  its  move- 
ments, and  is  found  clinging  to  aquatic  plants  in  still  water  around 
the  mouths  of  streams.    1966,  2021,  2022. 

^Limnqphysa  emarginata,  Say. — Found  along  the  boundary  waters 
in  Lake  county.    The  specimens  collected  vary  much  in  size;  on  a  ' 
few  the  corrugations  of  the  body  whorl  near  the  aperture  are  very 
distinct.    1970. 

*Acella  gracilis^  Jay. — Vermilion  lake.  But  one  specimen  was 
found,  and  this  is  only  a  little  over  half  an  inch  long,  but  the  length 
is  about  six  times  the  diameter;  this  is  by  far  the  most  slender  and 
fragile  of  our  Limnaeidae,  and  is  quite  rare.    1976. 

Physa  gyrina.  Say. — Common  in  Vermilion  lake.    2026. 

Bulinus  hypnarum,  Linnaeus. — A  few  specimens  were  found  in  a 
swamp  near  Tower,  but  these  are  only  about  one  half  the  size  of 
those  found  at  Minneapolis,  and  the  epidermis  is  rougher  and  less 
brilliant.    1988. 
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*Planorbella  campanulata,  Say.  —  Wright  county,  Winona,  and 
Cook,  Lake  and  St.  Louis  counties.  This  is  the  most  common  shell  of 
the  northern  lakes  of  Minnesota;  it  varies  from  two-eighths  to  five- 
eighths  of  an  inch  in  diameter,  according  to  locality.  1875, 1876, 
1983-6. 

Helisoma  corpulenta.  Say. — Vermilion  lake  and  all  over  St.  Louis 
and  Lake  counties.  This  shell  seems  to  be  quite  distinct  from  H. 
trivolvin.  Say;  it  is  much  heavier  and  much  higher  in  proportion  to  its 
diameter,  and  is  also  distinctly  carinated, — always  on  one  side  and 
frequently  on  both,— and  the  aperture  is  much  higher  than  the 
penultimate  whorl.  It  is  found  clin«;ing  to  rocky  shores  and  reefs, 
and  seems  to  seek  places  where  the  water  is  quite  rough.     1988,  2029. 

Helisoma  bicarinatUy  Say. — Vermilion  lake,  Winona,  Lake  county, 
and  various  places  in  St.  Louis  county.  This  shell  varies  greatly  in 
size,  and  is  always  found  associated  with  PlanorbeUa  campanulata. 
Say,  which,  however,  is  the  more  common.    1878,  1991-4. 

*Menetu8  exacutus.  Say. — A  few  specimens  were  found  in  Vermilion 
lake;  one  has  the  body  whorl  deflected  for  the  last  half  of  its  length. 
1995, 1996. 

Oyraulus  deflectus^  Say. — Very  common  in  all  of  the  lakes  of  St. 
Louis,  Lake  and  Cook  counties, — in  fact,  it  is  the  only  shell  that  can 
be  said  to  be  at  all  abundant  in  that  part  of  the  state;  it  is  foand  in 
large  numbers  clinging  to  the  rocky  shores  of  the  lakes. 

*Segmentina  annigera,  Say. — Rather  common  on  the  shores  of  a 
small  island  in  Vermilion  lake.  It  is  a  solid  little  shell  and  is  easily 
recognized  by  the  fire  teeth  far  within  the  mouth.  The  specimens 
collected  are  less  than  a  fourth  of  an  inch  in  diameter.  One  or  two 
of  the  teeth  may  be  sometimes  lacking,  and  rarely  all  of  thenoi  are. 
1987. 

VALVATID^. 

Valvata  tricarinatat  Say. — Wright,  Lake  and  St.  Louis  counties. 
The  specimens  from  Wright  county  are  quite  large,  while  those  from 
St.  Louis  county  are  much  smaller  and  rarer.     1593,  2005,  2006. 

VIVIPARIDiB. 

Vivipara  intertexta^  Say. — Winona,  1901. 
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NOTES  ON  THE  MOLLUSCA  OF  WINONA  COUNTY. 

Bt  John  M.  Holzikgeh. 

Much  of  the  material  which  is  the  basis  of  these  notes  has  been 
collected  the  last  two  years  by  the  zoology  classes  of  the  Winona 
Normal  School.  The  students  were  encouraged  in  thus  combining 
field  work  and  observation  with  text-book  work,  with  the  conviction 
on  the  part  of  the  teacher  that  this  plan  is  more  likely  to  result  in 
an  active  love  of  the  things  of  nature.  A  number  of  the  students 
have  sent  in  from  several  counties  collections  of  mollusca,  thus  aiding 
in  a  modest  way  in  the  determination  of  geographical  distribution. 
All  the  shells  noted  are  in  the  Winona  Normal  School  museum.  It 
should  be  stated  that  Dr.  J.  Lindahl  of  Rock  Island,  111.,  and  Mr. 
Wm  Marsh  of  Aledo,  111.,  have  aided  in  determining  most  of  the 
Unionidae. 

LAMELLIBRANCHIATA. 

UNIONID^. 

Anodonta  carpulenia,  Cooper. — Four  specimens  from  Straight  slough, 
two  to  five  miles  above  Winona.*  The  largest  specimen  is  6^  inches 
long,  and  4f  in.  high.  This  shell  is  difficult  to  preserve,  breaking  up 
on  drying     Nacre  reddish. 

Anodonta  imbecUlis,  Say. — Three  specimens  found;  1  in.  high,  2  in. 
long.     Color  outside,  greenish;  inside,  lighter;  frail. 

Margaritana  complanaia^  Barnes.— Five  specimens  secured.  Larg- 
est: 5i  in.  long,  4^$  in.  high. 

Margaritana  marginata^  Say. — Only  three  8]>ecimen8  were  found; 
largest:  4  in.  long,  2|  in.  high,  2|  in.  wide, — probably  a  female; 
smallest:  1  in.  long,  |  in.  high. 

Unio  (BSopuBf  Green. — Five  specimens  found;  largest:  4  in.  long,  3 
in.  high. 


*  All  the  biTAlTM  hOTt  noted  are  rrom  Stralfht  eloagh,  nnleei  oiherwlae  sUted. 
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Unto  alatus^  Say. — Six  specimens  found;  H  in.  long,  3^  in.  high. 

Vnioanodvntoidea^  Lea. — Six  specimens  found;  largest:  Sin.  long. 
If  in.  high;  smallest :  If  in  long,  f  in.  high. 

Unio  asperrimus^  Lea. — Seven  specimens  found.  A  pretty  and  firm 
shell,  easily  confounded  with  U.  metanever^  Raf.;  in  fact,  I  fail  to  see 
any  material  difference  between  these  two  shells,  except  that  the  lat* 
ter  has  the  lower  posterior  lobe  of  the  shell,  a  trifle  longer;  color  of 
the  epidermis  the  same  in  both  shells. 

Uniocapax,  Green. — Twelve  specimens  found;  largest:  5  in.  long, 
4  in.  high,  3  in.  wide.  Epidermis  yellowish  brown  with  rays  on  the 
young,  which  disappear  in  old  shells.  Nacre  white.  This  shell  has 
much  the  form  of  U.  occidens.  Lea,  but  is  wider,  as  its  name  implies, 
and  also  firmer.  Another  closely  related  shell  is  {7.  suhovatus^  Lea;  I 
can  distinguish  the  latter  from  17.  capax^  only  by  the  nacre,— «iiio- 
patus  having  the  posterior  half  of  the  inside  covered  with  a  beautifnl 
peach-blow  colored  nacre. 

Unio  coccineiiSf  Hild. — Two  specimens  were  broaght  in  by  Miss 
Lewena  Gallup,  from  near  St.  Charles,  Winona  connty.  Largest :  li 
in.  long,  li  in.  high. 

Unio  cornutus^  Barnes. — Four  specimens  found;  largest:  2i  in. 
long,  2  in.  high.  This  shell  in  firmness  of  build  and  general  outline 
stands  near  dsperrimus  and  metanever. 

Unio  crassidensj  Lam. — One  specimen  found,  3}  in.  long,  2f  in. 
high.  This  shell  is  of  the  same  form  and  has  the  same  nacre  as  U. 
nigrinuSf  Lea,  but  it  is  a  more  solid  shell.  It  resembles  a  shortened 
U.  gibbosus^  the  nacre  being  the  same  in  both. 

Unio  ebenus.  Lea. — Thirty  or  more  specimens  were  collected,  rang* 
ing  from  the  smallest,  hardly  an  inch  long,  to  the  largest:  3}  in. 
long,  3  in.  wide.  This  shell,  as  to  firmness,  average  size  and  general 
outline,  reminds  one  of  {7.  ellipsis^  Lea,  and  U.  tngonus^  Lea.  Two 
shells  of  the  lot  are  apparently  hybrids, — one,  ebenus  x  ellipsis^  the 
other,  ebenus  x  trigonus, — showing  the  afiBnity  between  these  three 
so-called  species. 

Unio  elegans.  Lea. — Eight  specimens  found.  The  pretty  marking, 
of  especially  the  younger  shells,  justifies  the  specific  name  elegans. 
Largest:  If  in.  long.  1^  in.  high. 

UnioeUipsis^J^^L. — About  twenty -five  specimens  were  collected;  a 
number  of  these  are  quite  small — less  than  an  inch  long;  the  epi* 
dermis  of  these  is  handsomely  marked  with  rays,  which  become 
obscure  with  age.  Largest :  3i  in.  long,  2i  in.  high.  See  U.  ebenus 
above. 
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Unto  gibbosus,  Barnes. — Five  specimens  collected;  krgest:  4^  in. 
long,  If  in.  wide.  In  firmness  and  nacre  like  27.  crassidens, — in  fact 
one  shell  collected  stands  between  these  two  species  in  relative  length- 
and  hight; 

crassidena  3}z2f ; 
gibbosus  ^xi^; 
hybrid  3xli : 
Epidermis,  nacre  and  build  are  the  same  in  the  three  shells. 

Unio  gracilis^  Barnes. — Six  specimens  collected;  largest:  3A  in. 
long,  2|  in.  high.  I  fail  to  see  the  slightest  difference  between  thi» 
species  and  U.  IcevissimuSf  Lea. 

Unio  Icevissimus,  Lea. — One  specimen. 

Unio  ligamentinus.  Lam. — Three  large  shells  were  collected,  one- 
with  white  nacre,  the  other  with  peach-blow  inside.     Largest :  5  in. 
long,  Si  in.  high.    Obscure  rays  on  epidermis. 

Unio  luteolusy  Lam. — Some  fifteen  specimens  were  collected.  Those* 
of  middle  size^  21x1^  in.,  I  have  diiSSculty  in  distinguishing  from 
U  rcuiiatus^  Lam.;  the  epidermis  at  that  age  is  yellowish  or  light 
green  crossed  by  a  number  of  dark  bluish  rays.  Largest :  4^  in.  long, 
ii  in.  high. 

Unio  metanever,  Raf. — Eight  shells  collected;  largest:  3^  in.  long,. 
2f  in.  high.    See  U.  asperrimus. 

Unio  occidens,  Lea. — Six  specimens  collected;  largest:  4x3  in.  See- 
U.  capax. 

I7;i to  |Mirt?M5,  Barnes.— Seven  specimens  collected;  largest:  If  in. 
long. 

Unio plicatus^  Le  Sueur. — The  most  common  and  abundant  species;: 
over  75  specimens  were  collected,  including  some  less  than  an  inch 
long  and  the  largest,  5  in.  long,  3^.  high. 

Unio pressuSf  Lea. — One  specimen  was  found,  li  in.  long,  1  in. 
high. 

Unio  pustulosus,  Lea. — Sixteen  specimens  were  collected;  largest  r 
ii  in.  long,  2i  in.  high.  One  specimen  with  fewer  warts  or  postules 
seems  to  be  pustulosus  x  trigonus. 

Unio  radiatuSy  Lam. — One  specimen  from  Mr.  Manuel,  Odessa,  Big 
Stone  Co,,  Minn. 

Unio  rectus,  Lam. — Five  specimens  were  collected;  nacre  lighter 
colored  than  in  U.  gibbosus;  largest  shell;  6i  in.  long,  2^  in.  high. 

Unio  securiSf  Lea. — Two  specimens  found;  largest:  3f  in.  long,  3 
in.  high. 
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Umo  subovaius,  Lea — Three  specimens  found;  Si  in.  long,  2i  in. 
high.     See  U  capax  and  occidem. 

Unio  trigonuSy  Lea. — Quite  common;  over  50  specimens  were  col- 
lected, ranging  from  the  quite  young,  H  in.  long,  to  the  largest,  2f 
in.  long,  2i  in.  high.  A  firm  shell.  The  animal  is  frequently  of  a 
safiPron  color. 

Unio  tuberculatus,  Barnes. — Five  were  collected;  largest:  5i  in. 
long.  2f  in.  high. 

Unio  undulatus,  Barues. — One  specimen  was  found  near  St.  Charles, 
Winona  county,  by  Miss  L.  Gallup.     I'his  is  li  in.  long,  1  in.  high. 

Unio  zigzag.  Lea. — Two  specimens  were  found;  the  larger  is  li  in. 
long,  i  in.  high, 

CORBICULAD^. 

Sphcerium  transversum,  Say. — A  few  dead  shells  were  found  in  the 
river  bottom. 

Sphcerium  atriatinum,  Lam. — Was  found  in  abundance  in  the  same 
situations  as  S.  transversum  Miss  Lillian  Miller  brought  dead  shells 
of  this  species  from  Goodhue  county. 

Sphcerium  rhwnboideum,  Say. — Occurs  in  lake  Winona  in  aband- 
ance.  The  largest  of  these  bivalves  are  i  in.  long.  Toung  ones 
measuring  over  i  in  in  length  have  been  taken  out  of  the  females; 
these  are  more  compressed  than  the  adults  and  might  be  mistaken  for 
another  species,  resembling  more  the  S.  occidentcde, 

Sphcerium  solMulum,  Prime. — One  was  taken  in  lake  Winona; 
length  f  in.,  hight  ^V  in.  A  number  of  dead  shells  were  brought 
from  Goodhue  county  by  Miss  Lillian  Miller. 

Sphcerium  partumeium.  Say.— In  lake  Winona. 

Sphcerium  fabaUy  Prime. — None  have  been  found  near  Winona,  but 
Miss  Lewena  Gallup  brought  in  ten  fresh  specimens  from  near  St. 
Charles,  Winona  county. 

Pisidium  compressum,  Prime. — These  minute  bivalves  were  found 
creeping  over  the  muddy  creek  bottom  near  Laird*8  flouring  mill. 
About  thirty  specimens  were  collected. 

Pisidium  abditum,  Uald. — This  bivalve,  a  trifle  larger  than  the  pre* 
ceding,  whs  found  in  lake  Winona,  in  muddy  places,  crawling  over 
submerged  weeds     Twelve  specimens  were  collected. 

Pisidium  variabiles  Prime,  and 

Pisidium  rotundaium^  Prime,  have  both  been  found  recently  in 
lake  Winona,  with  P.  abditum^  Hald,  and  have  been  determined  bj 
Mr.  Marsh,  Aledo,  III. 
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GASTEROPODA. 

LIMAOIDiE. 

Limax  campestrist  Binney. — Common  in  moist  meadows. 

Zonites  nittdus,  Miiller. — After  the  spring  flood  of  1888,  eight  speci- 
mens were  picked  up  alive  along  the  shore  of  lake  Winona,  under 
bark  that  had  been  washed  ashore;  identically  the  same  shells  were 
found  near  Madison,  Wis.,  the  year  before,  and  determined  by  Mr. 
W.  Marsh. 

Zonites  arboreus,  Say. — Abundant.  This  species  was  found  alive 
under  logs  and  boards,  south  of  lake  Winona. 

Zonites  viridulus,  Menke. — Some  ten  specimens  were  collected  near 
Stockton,  Winona  county.  Shell  more  translucent  than  that  of  Z. 
arbnreiis;  slightly  smaller;  outer  whorl  relatively  larger. 

Zonites  minusculuSy  Binney. — A  few  dead  shells  were  found  in  the 
meadow  south  of  lake  Winona.    Determined  by  Dr.  Sterki. 

Zonites  fulvus,  Drap. — Only  about  twelve  specimens  have  been 
found,  half  of  them  alive.  To  the  naked  eye  this  shell  has  much  the 
shape  and  color  of  Sirobila  labyrinthica^  Say;  but  under  the  lens  the 
external  striae  and  internal  laminsB  of  Sirobila  are  absent. 

HELICIDiE. 

Patula  striatella,  Anth. — This  species  was  found  with  Zonites  ar- 
boreuSy  and  rather  more  abundant. 

Helicodiscus  lineatus^  Say.^Dead  shells  of  this  species  are  found  in 
abundance  on  the  bluffs  under  stones;  comparatively  few  live  speci- 
mens have  been  found. 

Sirobila  labyrinthica.  Say. — Abundant  in  a  moist  meadow  south  of 
lake  Winona;  often  found  gregarious. 

Sienotrema  hirsuium,  Say. — Some  thirty  specimens,  mostly  alive, 
were  collected  near  Stockton  and  Winona. 

Sienotrema  numodon^  Rack.-^Only  four  specimens  were  found  near 
Stockton,  Winona  county. 

Mesodan  albolabris.  Say. — A  few  live  shells  have  so  far  been  found 
on  the  bluffs;  dead  shells  are  common. 

Mesodon  muliilineaiuSt  Say. — Abundant  in  the  meadows  with  Stro* 
bUa  labyrinihka.    It  is  a  small  variety. 

Mesodon  clausus^  Say. — Two  specimens  were  brought  in  by  Miss  S* 
Buck  from  bluffs  south  of  lake  Winona. 
61 
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Mesodon  profundus^  Say. — On  the  bluflFs;  slightly  more  abundant 
than  M.  alMabris. 

Vailonia pulchetta^  Miiller. — ^Under  logs  and  stones  on  the  bluffs; 
more  shells  are  fonnd  dead  than  alive. 

PUPID^. 

Pttpa  penfodoH,  Say. — Occurs  in  a  wet  meadow. 
Pupa  fallax,  Say.— >In  moist  meadows;  rare. 

Pupa  armiferoj  Say.— Our  largest  species  of  Pupa;  common  along 
the  bluffs  and  in  moist  meadows. 
Pupa  cantracta,  Say.— Rather  rare. 
Pupa  corticaria^  Say. — Under  stones  on  the  bluffs. 

SUCCINID^. 

Succinea  ovatisj  61d. — Abundant  on  rushes  along  the  Mississippi. 
Two  sets,  one  collected  in  June,  the  other  in  September,  showed  an 
increase,  in  the  latter  set,  to  nearly  double  the  size  in  June. 

Succinea  avara.  Say. — Along  the  Mississippi.     Rare. 

Succinea  obliqua,  Say. — A  few  specimens  from  Root  river,  south, 
brought  by  Miss  Laura  Wright,  are  evidently  of  this  species. 

Carychium  exiguum,  Say. — Found  in  goodly  numbers  in  wet  places 
south  of  lake  Winona,  under  chips  and  boards  in  water. 

Limncva  ^stagnalis,  Linn. — A  few  specimens  were  found  in  lake 
W^inona.    Abundant  in  the  fall  of  1888. 

Limnwa  palustris,  Mtiller.  —  In  abundance  in  pools  along  lake 
Winona. 

Limncva  humilh^  Say. — On  muddy  flats  in  the  Mississippi;  especially 
in  Straight  slough. 

Probably  one  or  two  more  species  of  Limnsea  may  be  found  in  the 
collected  material,  some  of  which  is  not  yet  worked  up. 

Physa  ancillariay  Say. 

Physa  heierosiropha,  Say. 

Physa  tcolffianay  Say. 

Physa  elUptica,  Lea. — All  these  species  of   Physa,   and  probably 
several  more,  have  been  collected  in  the  springs  and  brooks  in  this 
county.     I  take  the  species  commonly  found  on  watercress  to  be  P. 
-elliptica,  Lea. 
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Planorbis  campanulatus,  Say. — Common.     This  and  the  following 
species  of  Planorbis  have  been  collected  in  lake  Winona. 
Planorbis  trivolvis^  Say. — Common. 
Planorbis  bicarinatus,  Say. — Abundant. 
Planorbis  exacutus,  Say.— Rather  rare. 
Planorbis  defiectus^  Say. — Common. 
Planorbis  parvus t  Say. — Rare.. 
Segmentina  armigera,  Say. — Quite  common. 

VALVATID^. 

ValveUa  sincera.  Say. — Lake  Winona.     Not  common. 

VlVIPAKlDiE. 

Viripara  intertexla^  Say. — In  Mississippi  river.     Rare. 
Melantho  subsolida^  Say. — In  abundance  in  the  Mississippi  river. 

BISSOIDJS. 

Somatogyrus  subghbosus,  Say. — In  Mississippi  river. 
Amnicola  limosa,  Say.     Inlake  Winona.     Not  very  common. 

HELICIKIDJE. 

Helicina  occulta.  Say. — Dead  shells  have  been  found  for  two  years, 
but  in  the  cold;  wet  spring  of  1888  about  a  dozen  live  shells  of  this 
species  were  found,  some  near  Stockton  and  some  near  Winona. 
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the    ooonlry    Arom   Gnnflint  to 

Ogishke  Moncie  lake 79 

Act  ei  tending  the  work  of  the  snnrey 10 

Agamoklako 95,  838,  8«6,  869 

AgMBii  lake 8»i,  406,  484 

Alpha  lake 100,  386,  344 

AmhlgQooa  greeoBtone 108,  IIS 

Amygdaloldal  appearance  at  Theeaalon...  16,  149 

Am>gdaloldal  porphyry 8S5 

AnalyBia  of  Iron  ores 80,  83,  93,  113 

Anlmlke  and  Kewatin  in  contact,  on  Onnflint 

Jake,  69, 264-6,  264 ;  on  Epeilon  lake.. 322,  828 
An'imike  bay,  77,  08,  844,  846,  846,  247,  860, 

866,368 
Anlmlke  eeriee,  64,  368,  865;  dlBtribntion  of, 
868;  Ilthologleal  characters  of,  84,  868; 
thickness  of,  366;   magnetltle  beds  of, 
68,  80,  82,  854;   nDConformltles  of,  60, 
78,  87,  867,  868,  366;  relics  of,  368;  not 
Ineloslog   Ogishke    cpoglomerste,    369; 
contrary  eiidence,  91, 360;  Jaspllyte  beds 
In,  78;  poeslble  organic  remains  In,  78; 
relation  to  the  Pewabio  qnartsy te  .......    87 

Anlmlke  series  on  Qanfllnt  lake,  66,  886,  888, 

848.868 

Anlmlke  series  on  Oablmlchlgama  lake 89-96 

Anlmlke  slate,  38, 106. 108, 136, 146;  in  Plum- 
mer.  Can.,  80,  88,  169,  167;  near  Negan> 
nee,  178;  in  Oogeblo  range,  68,  188;  in 

Penukee  gap,  191;  on  Knife  lake. 200 

Aaimlke  Island 105 

Ancient  mining 884 

Ansonia,  Canada 83,  164,  166,  167,  168 

A nthracltie  matter 866 

A ragonlte,  on  the  Little  Fork 403 

Arcbsan  geology  unsettled • 389 

ArgiUy te,  black,  near  Negannee 178 

Arglllyte,  grttty 317 

Argil  lyte  as  member  of  Kewatin,  839;  as 

ba»l9  of  Ogiahke  conglomerate 845 

Arglllyte,  Plnmmer 169,  160,  166,  166 

Arrow  lake 876 

Arthvr,  Prof.  J.C 11 

Ascntoey,  Vt 834 

Ashawiwisigaton  Iske 873 

Aurora  mine,  66,  186;  section  near,  187; 
granite  at,  more  recent  tban  the  slates,  ••    60 


ll^«^|w£  and  schistoaity 822,883 

BMBaltiform  gabbro 246,  861 

BaBhitanakaeb  lake 89 

Basin  lake 888 

Basswood  granite 380,  381,  838 

BasBWOod  lake.. ..110,  183,  186,  196,  880,  381,  386 

Bat 188 

Batrachoides  nidlflcans 289 

Bayley,  W.  8.,  cited 299 

Bear.. 138 

Bearings 148 

Bear  narrows,  Knlfb  lake 204,  808 

Bell,  Robert,  cited 143,  269,  868 

Beflsemcr,  Mich 186 

Beta  lake 9»,  344 

Big  Fork  rlTer 480 

Birchlake ^ 876 

**  Birch  ridge'' 60 

Black  bay 417 

Black-fly  bay    78,  81,  833,  889,  840,  841,  248, 

864,871,388 

Black  belt,  Bo-cmlled,  the 76 

Blind  river,  Canada 88,  161 

Blueberries 838 

Blueberry  cascade  and  portage 838 

Blueberry,  distinct  form  of... .  136 

Blueberry  island 8i3 

Boulders,  88,  68,  63,  61,  78,  89;  formed  by 
frost 904 

Boundsry  river,  186;  described,  889;  disap- 
pearance of,  880;  source  of. 270 

Bowstring  river 437 

Breccia  in  Saganaga  syenite 888 

Breccia,  porphyritio 401 

Brecclated  terrene.  800, 861, 868, 863, 276,  881,  364 

Brooks,  MMjor  T.  B 48,47f.n. 

Bruce  limestone 147|  168 

Bruce  mines 13, 146, 164 

Brule  mountalne,  61, 68;  river 62 

Buddie,  statement  of 847,  866 

Buffalo  mine,  Negannee 41,  178 

BurnUide  lake....  138,  196,  880,  881,  384,  8)6,  868 

Caloltie  rock,  Canada 166 

Cap-rock,  defined 69 

Cascade.Mioh 48 

Cambrian 170 

Cambria  mine 48,  140 
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Campemeot  d'oars 170 

Camper's  island 316,  347,  818 

Canada  Psclfle  R.  R 168,  161,  162,  167 

CarbonsceoQs  mstter 71,  866 

Carbonate  of  iron 862,  868,  306 

Cariboo 188 

Carlbon  narrows 816 

Carm  lake,  834.  886;  river 359 

Chert  and  limestone  of  Logan 186,  168,  169 

Chalcedonic  qnarti 44,  73,  66,  440 

Obalcopjrits. 16 

Cberty  limestone,  Canada.... 16S 

Chemically  deposited  limestone... 49,  96 

Chester,  Prof.  A.  H 80 

Chlpmnck 138 

Chlorite  rock,  so-called 176 

Chlorite  slate  of  Logan 147,  148,  160 

Chloritle  schist  as  member  of  Kewatin.  841; 

noternptlve 361 

Chnb  (or  Akeley)  lake 88 

Classification  of  roeks 366 

Clearwater  lake. 61 

Cleveland  mine 197 

Climate 139 

Colby  mine 64,  185,  187.  188 

Columnar  diabase,  90^  886;  gabbro 846,  861 

Conclnaions  respecting  the  original  Hnronian    86 

Concretions 817,  318 

Conditions  of  eiploration 134 

ConglooMrate,  at  Brace  mioes,  147;  at 
Thesaalon,  Ont,  16;  slate  at  Ottertall, 
167;  red  Jasper  of  Logan,  166;  at  Saginaw 
mine,  46,  178;  177;  near  Deer  lake,  47, 
175,176;  at  Bessemer,  Mich.,  66;  in  the 
granite  at  the  Aurora  mine.  67|  on  Knife 
lake,  199;  on  Wonder  inland,  819,  834,  868 
note,  and  reflections  on  919;  on  Beaftoll 
lake,  893,  998;  on  Frog-rock  lake,  807, 
818;  on  Ogtshke-mnncle  lake,  96,  817; 
837;  on  CHibemkhlgama  lake,  91;  on 
Kekekebic  lake,  108;  diabasic,  817;  on 
Crab  lake,  890,  881;  on  ZeU  lake.  881; 
on  Rainy  lake,  416;  in  gneiss  In  New 

England,  834;  same  in  Germany 368  note 

Conglomerate,  nnoonfbrmabic  on  the  mag- 
netic qnarta  sohtot 44,   46 

Contact  of  Anlmlke  and  Kewatin 867 

Conglomeritic  stroetnre  In  varlons  forma- 
tions      76 

Contortions  In  Onnflint  slain 841 

Crab  lake,  844-deecribed 318 

Cretaceons  on  the  Little  Fork  river,  408;  on 

the  Big  Fork 481,  434 

Crocodile  lake.... 64 

Crooked  lake 889,  833 

Cnpriferooa  velne,  Wellington  minee 146 

Cyanlte,  Rainy  lake 489 

p^m4^V«lake 976,  9n 

Dead  Mi«n*s  rapids 404 

Deer  lake,  near  lehpemlng 47,  176 

Deer  river 436 

Deleaslte  filling  cavities 16 

DelUlake 994 


199 
317 
101 
IM 
348 

92 
177 

48 
964 


Devirs  Track  river 60 

Diabase,  at  Brace  mines,  IS,  146;  included  In 
quarts  vein,  147;  at  Thesealon,  14, 148; 
its  slaty  character,  16, 148;  near  Thesea- 
lon, 19,  lau  158,  164,  IS6;  at  Maebeth*s 
creek,  168;  on  qnartsyte,  80, 153;  epeckled, 
14, 156:  near  Blind  river,  Canada,  82, 161, 
near  Misslsagni  river,  84, 168;  Columnar, 

39,  286 

Dlsbaflc  landscape 169 

Diabase  rocks 

Diabase  schist 161, 

Diabasic  rock,  with  pebblee 

Dike  crossing  Kekekebic  lake 

Dike  in  quartsyte,  Canada 19, 

Dike  lake 849,844, 

Dike  of  basaltic  greenstone 

Dioryte,  so-called,  MIchlgamme 49, 

Dioritic  group  of  Dr.  Romlnger 

Discontinuity,  horiion  of. 

Distribution  of  tsrranes 

Divergenoe  of  views 

Dodge,  Prof.  James  A. ,  Analysla  by 1 18,  440 

Dolomyte  on  Oglshke-mnncie 344 

Dora  river 850 

Ducks 199 

Dnff*s  valley,  Canada 156 

Dump,  The,  Canada 164,  165 

Dnncan^slake 97B 

IU«l«-NMt  l»kea 836, 848,  848 

BantTwin  mountain.. 90 

BIdridgemine 48,  180 

Emmons,  B.,  cited 859 

Ensign  lake 888,947,  318 

Epldote  In  amygdaloid,  Thessalon 16,  140 

Epochs  evidenced  at  Marquette .63k  183 

Epsilon  lake,  847,  349,'  869,  863;   deacribed, 

896;  rapids  from 190 

Eraptiven,  360,  868;  not  including  Kawn* 
sachong  rock,   361,  nor  b«matites  and 

jaspilytes 867 

Exchangee 11 

Expanston  or  swell  in  Onnflint  lake 937,  Vj 

FalllAke Ill,  186,196,397,330 

Fairbanks,  H.  W 

Ftom  lake 

Fanlta,  Canada,  87,  180,  167;  system  of  In 

MlnnesoU » 27S 

Faulted  qnartx  vein 967 

FBlsltIc  argUIyta. 041 

Fslaltieaerleiticeehlat, 841 

Felsyte,  Ottertall,  87,  166,  167;  in  Plnmmer, 

Canada,  80l  169;  position  of,  diMueeed.  168,  160 

F»l«yte  schist, 909,  919,  841 

Field  work  in  1887 0 

Fttee,  eflbcteoT. 186.  994,  979,  969;  914 

First  Naikwal  Mine 60, 

Flshee. 

FHnlbedsIn  Anlmlke 67,  961 

KltntLake, 999 

Flowage  linen  In  porphyry 929 

Ford,6.  W 10 

FI)lttgCloodlakeL 90 
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ForMt,  character  of 136 

Foramlnifcra,  Crttacaoas,  on  the  LlUle  Pork 
river 403 

Fort  Charlotte 291 

Fort  Francis 109 

Kozlake 338,346 

Frazerlake 862 

Frog-rock  lake,  03,  337,  843,  315,  348;  de- 
scribed   306 

OAbbro 89,61.  85,  87,    90 

Gabbro  dike , 291,  868 

Gabbro  flood 861 

OAbbroIoId  rock,  Canada,  1&9;  Minnesota.  335,  861 
Gftbhro,  on  Knife  lake,  806,  207,  809;  on  Gan- 
flint  lake,  237,  818,  243.  216,  218,  249.  259, 
960, 261,  26*^  ou  North  lake.  271;  on  Sooth 
lake,  273;  on  Rove  lake,  275;  on  Mountain 
lake,  28(h  on  Mooee  lake,  2dl;  on  North 
Fowl  lake,  283;  porphyrltlc  on  Loon  lake, 
301,302,304,  fine,  same,  301,  granular,  302, 

303,  on  Iron  lake, 805 

Gabbro  ranges,  135,   165*  278,  279,  280,  281, 

881, 285 

Onblmlchtgama  lake,  89,  821,  331,  337,   866, 

866, 850 

Garden  lake,  183;  re-examined Ill,  327 

Gateway  moantain, 886 

OUnt's  rang^  88.  104,  184,  136,  186.  284,  280, 

834.  836,  289,  833,  848,  866.  271 296 

Olessbacb,  American 190.  808 

Qlaciatlon,  14,  81,  83,  85,  118,  lt7,  160.  808, 
408,  405,  406,  407.  409,  418,  415,  416,  417, 
419,  420,  481,  482,  423,  484,  485,  430.  433, 

436,  440 

Glacial  river, 86 

Olan villa  shaft,  Wellington  mine 146 

Onelas,  where  fonnd^367,  overlain  by  gabbro,    86 
Gogebic  Iron  belt  64,  186,  850 ;  comparisons 

with  Vermilion  and  Marqoette, 188,  10 1 

Gradations,  to  crystalline  rocks,  76,  863.  266, 
866,  864.  306,  800.  310,  335,  351;  to  gray- 
wacke,  811,  861,  In  granlta,  833;  between 

Antmlkeand  gabbro, 365 

Grain  on  slaty  sheets, 863,257,  328 

Oranby,  Vt, 334 

Grand  Marais, 60.  185,  877 

Grand  Portage 136,201,358,  862 

Grand  Portage  Indians 887 

Oraad  Rapids 439 

Granite  lake.  136.813,381;  described 886 

Granite  Lake  falls 827 

Graolie,  so-called,  at  Mlchlgamme 177 

Granitoid  and  gnel»8old  rocks 330 

Grant,  Uly  8.,  10.  on  the  molln»can  faona...  470 

Grant's  peak,  386 363 

Graphite  near  Tower 113,  888 

Graywacke,  In  Kewatlo. 77,  838 

Green  chlorite  slste  of  Logan 16,  86,  160,  164 

Grsenrock 846,  847 

Green  schists 108 

Green«tooe.J8,  83,  08,  102,  800-11,  818,  814,  885 

Greenwood  monntains.... 62 

Greisen 418,  480 

Ganflint  falls, 883,  33] 


Gnnflint  lake,  65,74.  185,  167,  881,  8)5.  386, 
837,  848, 848,  852,  356;  described,  238;  map 
of,  236;  geology  of  generalized,  868;  other 
noticesof 860 

Gnnflint  lake,  the  expansion  of,  237;  west 
and  sooth  shores  of,  241;  north  side  of,  65, 
290,  excurslonii  from,  968;  first  traverse 
from,  68,  861^  Stacy's  first  traverse  from, 
73.  265;  Stacy's  second  traverse  from,  76, 
866;  excorsion  to  iron  deposits ,  .78,  806 

Gonfllot  narrows, 233,  280,  844 

Oonfltnt  river, 268,  270,  831 

HflDmatltio  Bchlst  and  hematite,  86.  81. 

71,386,  853 

Hflomatltes  not  oraptlve, 367 

Hall,  Capt  of  Ishpeming,  aid  from 178 

Hare,  northern, 188 

Hartford  mine 43,  180 

Hatch,  Dr.  P.  L., 11 

Herrick.  Prof.  C.  L  .*. 11 

Historical  statements 70,  148 

Hitchcock,  E  cited 57,  884 

Holxlnger,  Prof.  John  M  ,  mollosca  of  Wlno- 

nn  county 486 

Hornfels, 880 

Horiaons  of  ceologlc  discontinuity, 864 

Hooghton,  D.  qooted 148 ;  cited  350 

Hoyt,  Wis.,  slates  near «  180 

Hudson's  Bay  Co.. 888 

Hunt,  T  S.,  cited, 343.  868 

Hunter^s  Island 100 

Huronlan  rocks,  characteristic  features  of, 

160;  Canadian  opinions  on.  364 note 

Huronlan  region  visited  13, 145;  generalisation 

on 36,  164 

Huronlan  System, 


loe-konse*  natural, 

lUniilon  Iske, 

Imalake 331,  868 

Interlaminated  schlste 70,  268,896 

Intermixture  of  rocks, 806 

Iron-bearing  rocks  at  Marquette, 4f^ 

Iron  Cliffs  mine 40,  48,  170 

Iron  depoeite,  Gnnflint  Iske,  68.  73,  266-8; 
North  lake,  870;  Rove  lake,  278;  Iron  lake, 
78.  806;  Garden  lake.  111,  827,  at  Chub 
lake,  8^  on  the  north  shore  of  Mud  lake,  112 

Iron  King  mine 60,  188 

Iron  lake  of  the  west 144 

Iron  ore,  Canada 160 

Iron  ores.  68.  71,  72,  77, 80,  88,  83,  86, 118,  118,  440 
Iron  or  Mayhew  lake,  78,  855, 868;  described,  304 

Iron  range  of  the  Vermilion 110 

Ironwood.  Mich 66,  186 

Irving  at  Mlchlgamme..., 170 

Imng,  R.  D.,  cited,  70, 144.  101, 108,  860,  887, 

801, 368, 357, 858;  Important  work  of,  144  note 
Ishpeming    44 

Jasper,  *t  Cambria  mine,  181;  at  Iron 
Kingmlne    188 

Jaspllitic  schl<«t.  54, 198,  850;  not  eruptive,  48, 
367;  on  Gnnflint  lake,  73,  848,  8S8;  frag- 
ment of,  near  fipsilon  lake 
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Jaspilyte Ul,  118 

John  lake 284 

jQDCtioti  of  fEabbro  and  Animike  alates,  66. 
72,  250,  261,308.  803;  Kewatln  and  Anim- 
ike  69,  257-9,  828.  888 


ai^V  lake 417,  426 

ivBwaaactaong  ruck,  198;  deacribed,  806,  309. 

341;  noteraptlve 311,  351 

Kekeqoabic  lake,  lOU,  824,  326,  381,  388,  337, 

311,  345,  846,  369 

Kewatln  bay 869 

Kewatin  rocka,  62,  67,  69,  108,  194,  210,  224, 

849,  365;  on  Saganaga  lake.  224;  on  Gan- 

flint  lake,  268;  on  Uange3  eaat 284 

Kewatin  semi- crystal  line  echista  described, 

336;    diatribntioQ  of,  861;    lithological 

characters  of 838 

Kewatin  stuff 310,  312,  343 

Knife  lake,  109,  133,  135,  144,  196,  235,  310, 

839,  342,  348,  368;  sarvey  of,  continued..  197 
Knife  lake,  Arm  IV  ,  193,  363:  Arm  lU.,  808; 

Arml.,  SU4;  body  of. 204,  206 

laanrentian  rocks 76,  170.  366 

Labradorite 89 

LawBon,  Mr.  A.  C,  cited 67,  76 

Lef^oy,  Canada 88,  156 

Lichens  of  bright  colors 292 

Light  Honsd,  Marqavtte 181,  182 

LignitK,  Cretaceous,  in  fragments 403 

Lily  lakes , 281 

Lily  mine 181 

Limestone,  at  Bruce,  147;  at  Ansonia,  165, 

167;  at  Oglsbke-mnncie  lake 344 

Limonite 42,  71 

Lindahl,Dr.J 486 

Little  Bear  creek,  Canada 164 

Little  Fbrk  river 306 

Little  Rapids,  Canada 21,  154 

Little  Saga  naga  lake 356 

Little  Thessalon,  Canada 154 

Lithographic  rock 23,  28.  38 

Localities  particularized 141 

Lodes,  iron,  in  Marquette  region 172,  173 

Logan,  Sir  William,  cited 86,  850 

Long  lake 834,336,839,  348 

Loon  lake,  281,  249.  862;  described 299 

Luxuriance  of  vegetation 137 

Lower  alate  conglomerate 81,  87 

Maobeth**  creek,  Canada 20,  158 

MMgoetic  belt,  Wisconsin 194 

Magnetite,  at  PenokeeOap,  192, 193:  on  Knife 
lake.  209;  on  Gnnflint  lake,  28.%  237, 2)8, 
241, 844,  845,  230;  n^ar  Quoflint  lake,  866, 
North  lake,  271;  Moose   lake,  882,  k83; 

Iron  lake.  806;  Gnrden  lake 827 

Magnetic  schists,  237,  841, 845,  847,  871,  876, 

803,  827,  351 

MallmannV  peak 826,  101 

Marble  95 

Marquette  city 181 

Marquette  iron  rocks,  age  of,  171, 181;  com. 


pared  with  Vermilion,  184;  not  Huronlan, 
185;  belong  to  an  unrecognised  system...  189 

Marqaette  region,  observations  in 50.  171 

Marqaettian  sybtem 866 

Marsh.  William 485 

Mariite,  Negaunee. 177 

Mayhew,  Henry *.    80 

Mayhew  cabins 277 

Mayhew  or  Iron  lake,  deacribed 78,  904 

McFrtriand  lake 884 

McMinn,  Herman  8 113 

Mellen,  Wis.,  slates  near 189 

Mesabirange 184,  2) i,  249,  300 

Metamorphism  of  pebbles 846 

Method  of  operation 140 

Michigamme  mine 49,  177 

Millar,  Mr.  J.  M 80 

Miranda  lake 28t 

Mississippi  river .487,  438 

Mlssissagni  quartzyte... 88,  168,  170 

Mieqnah  Hills 62 

Mokoman  Island •>  198 

Molluscan  fauna.  Grant 481 

Moose 138 

Moose  lake,  described 281 

Moose  lake  of  the  west 339,347,  363 

Morton,  Vermilion  group  at 79 

Mountain  lake  de8cril>ed 279 

Mountain  lake  of  Norwood 274 

Mount  Reu  nion 64 

Mud  creek  bay 326 

Mud  lake 112,196 

Mud  lake  of  the  east,  see  '*  Rose  lake.'* 

Murray's  corners,  Canada 30, 169. 160,  166 

Murray*sHill 80 

Muscovado,  73.  88,  93,  858,  867,  856,  860;  on 

Iron  lake 306 

Muscovado  lake 88 

Namekan  Uke *» 

Nameless  lake 940 

Nascent  mica  schist 190.  196 

Negaunee 40, 179,  3S8 

New.fonnd  lake 339,  347 

Newton  lake Ill,  195,  836 

Norriemine 166 

Northern  Light  lake 66,870,271 

North-Fowl  lake 883 

North  lake,  66, 234,  336,  887,  338;   deacribed, 

270;  Norwood  on 271 

Norwood,  J.  G.,  cited,  148,  886,  869,  873,  '<74, 

876,  277,  291,  898,  484,  436 
Noryte 167.  800,  301,  384,  368 

Oak  I»ke,  810,  331,  886;  rapids 404 

Oe».tlund,  O.  W 11 

Ogishke  conglomerate,  in  bowlders,  147;  ap- 
pearance of  in  diabase,  96,  140;  on  Prog- 
rock  lake,  98, 818;  on  Ogishke*mnncte 
lake.  318;  underlaid  by  argil iytea,  822;  as 
member  of  Kewatin  group,  344,  847;  not 
enciooed  in  Animike,  369;  evidence  that  It 

is  so  included  91,  97,  310 

Oglshke-muncie  lake,  96,  881,  389;  described.  316 
Olivine  knob 
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OperMtlonv,  method  of. 189 

OptmHbonowfn  river 4S1 

Opin  island  110 

Oploions,  divergence  of. 389 

Organic  remaina  in  the  Animike  (f  )«• 78 

Ortboclaw (tabbro ^62 

Orange  hall,  Canada U9 

Original  Horonian 13,  36 

Ottertail.  Canada 26,  156,  157,  168 

Ottertail  lake,  Canada 26,  156 

OtterUIl  quartayte 37,  43 

Ottertail  limestone 167,  168 

Ottertrack  lake... SIO,  836 

Owen,D  D.,  cited 148,  484,  436 

Owen,  B.,  cited 292 

Paint  rock 64,  188 

Parophyte 205,  318 

Partridge 138 

Partridge  falls,  290.  356;  portage 299 

Passage  from  argillyte  to  gray wacke 211 

See  *QradatiocB.*' 
Pebbles,  in  diabase,  96,  97, 149;  in  syenite,  56, 
104, 73, 216, 223, 226, 296, 299, 321 ;  in  schist, 
106, 318;  in  diabasic  rock,  817;  in  Ogi«hke 
conglomerate,  846,  846,  347;  metamor- 
phosed    346 

Pegmatyte,  stmctaro  of 42U 

Penokee gap.  187;  ageofrocksat 191 

Peridotyte Ill 

Petrography,  fanctlonsof 868 

Pewabic  lake... 362 

Pewabic  qaartayte 66,  91,  93 

Physical  aspects 184 

Pickle  lake 348 

Pigeon  Point 292 

Pigeon  river,  276, 281, 288;  described,  288, 356,  862 

Pigeon  river  gateway 286 

Pigeon  river  valley 291 

Pine,  onlawftil  catting  of 896,  431 

Pine  lake 229,  881 

Pinemoantaln 61 

Pittite 843 

PipesUme  rapids lU,  196,  388 

Plan,  of  operations,  9, 140;  of  report 140 

Plats,  erroneoae 228  318,  8il 

Plnmlake 848 

Plommer  arglllytea 165,  166,  168,  170 

Plammer,  Canada 29,156,  159 

Pokegnmalake..... 438 

Porevpine 188 

Porenpinemoantainv 859 

Poroditic  rock 905,263,865,  324 

PoriHlyte 848,  U3 

Porphyrel,  at  Ishpeming,  175;  on  Knife  lake, 
901;  on  Ganflint   lake,  267;    Frog-rock 
lake,  307;  Town-line  lake,  816;  Crab  lake  390 
Porphyrel  explained,  104  fn.,  842;  evidences 

of  sedimentary  origin  of 344 

Porphyrellold  gray  wacke 8<7 

Porphyrellold  echliit 190,  201 

Porphyreliyle,  201,  205,  906.  948, 257,  898;  de- 
fined, 205;  as  member  of  Kewatin,  841; 
growth  of  conception  of.  841,842;  evl. 
dances  of  sedimentary  origin  of 844 

62 


Porphvry,  on  Rainy  Lake  river 411 

Porphyry  proper 8H,  825,826,  863 

Portage  from  .Mad  to  Barntside  lake 195 

Poriages  made,  134;  on  the  national  Doandary  888 

Potholes 86 

Potato  lake 197 

Prairie  river,  and  falls 489 

Primitive  geology 867 

Promontory,  Knife  lake,  20R;  gabbroon..2U9,  236 

Prospect  monntaln 326 

PseiidbmeMer  lake 109,190,  841 

Palpit  rock,  ooryte 2U0 

Pargatories 106 

Qaadmpedfl 138 

Quartz,  free  in  schists 340 

Qaartz  on  island  in  Saganaga  Inke 215 

Quartz. porphyry 63 

Qaartzoee  s:hiBt,Deer  lake,  176;  Garden  lake, 

112,  827 

Qaartz  schist,  inclosed  in  gneiss 68,  187 

Qaartz  veins,  864:  in  diabase,  146;  in  schlMts.  166 
Qaartzyte,  near  Thesshlon,  18,  150,  152, 153, 
154,  166,  156,  16S:  at  Little  rapids,  21: 
at  Ottertail,  26, 167;  near  Blind  river,  82, 
161, 162;  flinty  at  Misiisagni  river,  34, 
168;  at  Deer  lake,  176;  at  I»hpeming,  45; 
at  Michlgarome,  49, 178;  at  Negannee,  41, 
178,179,180;  at  Cascade,  43;  at  Aarora 
mine,  58,  187;   at  the  Colby  mine,  66;  on 

Garden  lake Ill,  827 

Qaartzyte,  thickness  of 49,  166 

Qaartzyte,  white,  vitreons,  Ottertail.. 26, 156,  168 

Rabbttt  lo-called 188 

Rainy  lake 418 

Rainy  Lake  river 406 

Rat  lake 874 

Rattle  and  Nye.analysls  by .80,    82 

"Red  rock" 62 

Red-rock  lake,  913, 331;  deacribed 299 

Red  felsyle 19,28,84,    38 

Regions  surveyed  in  1887, 9,  133,  395;  In  1880.  144 

Report,  plan  of. 140 

ReanionMt 64,  277,  866 

RiddlebankP.  O.,  Ont 81 

Robin 139 

Rock  lake,  Canada... 160 

Rock  identifications 149 

Rock  numbers,  141;  catalogue  of.... 464,  114,  369 

Rock  samples  collected 464,  114,  869 

Rominger,  C,  cited 42. 47,  48,  60,  67,  843 

Ropes  gold  mine 48,  179,  176 

Rom,  Canada 155 

Ro(«  lake  described 274 

Rose  lake  mountain  276 

RosenbuBch,  as  authority 149 

Roundlake 64 

Rove  lake,  356;  described 976 

Roy  lake 984 


falls 997 

Saddle-bugs  lake 98 

Saganaga  lake,   186.   383;    described,    911; 
great  middle  arm  of,  214 ;  body  of 217 
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Sugnnai^ii  lyenite  or  gnetw,  76,  215,  tl7,  227, 

940;  described 880,  881,  812 

SagioMw  mine,  Ifthpeming 47,  ITS,  177 

Sim  Mitchell  mine 41,179 

Sand  lake 340,  348 

Saw-teeth  conflgaration 361 

Schistositj  and  beddittg 88i,  328 

Schiste  at  Ottertoii,  Canada 168 

Sea-gQlI  lake,  136, 218, 217,  881,  383,  349,  367; 
deacribed,  296;  map  of,  297;  conglomer- 
ate on,  222;  rlTer 2ltf,  299 

Sedgwick  and  Brotherton*B  location 70,  262 

Serlcitlc  argillyte 266 

Sericitic  felsite-BchlBt 3U6, 318,  814 

Serlcitic  achlat,  Deer  lake,  Mich,  47,  176; 
Frog-rook  lake,  812;  Town-line  lake,  316; 
Ogtohke-mnncie  lake 97,  316, 

Sericitic  echist,  granular,  812,  816;  Is  it  eyer 
ernptlTe? 361 

Serpentine  group 60,  848 

Serpentine  in  diabase 146 

Shrubs  or  the  region 187 

Siderite 42,  71 

SUioeous  schists.  Knife  lake 201,  840 

Siliceous  slates 198,  199,  206,  211,  863,  369 

SUTercity Ill,  387 

SllTer  location 884 

Slate  conglomerate,  81.  89,  161,  356.     See 

"Animlke.** 
Slate,  black,  near  Ishpemlng,  174;  near  Ne- 
gannee,  179,  859;   near  Iron  King  mine, 
69,   188;  at  Penokee  gap,  191,  194;    at 

Knife  lake 202 

Slate,  dlabasic 161,  164-6 

Snowbank  lake 381,336,387 

Soap-roek 175,180 

Bodergron,  aid  flrom 179 

Soil  under  Animike 262 

South  Fowl  lake 284,  36(( 

South  lake 272 

Spalding,  WiUiamP 284 

Spoon  lake 109 

dta«7,Frank.  cited... 76,  99, 222,  264 

Stacy  island 102,344,846,  347 

Stair  portage 276,  276 

Ste.  Marie'B  river 17ii 

St.  Joseph's  island 176 

Strawberry  bloisom 202 

Striae  obserTod 113 

Striae,  glacial,  peculiar 160 

Strnctureat  Ishpeming 44,  176 

Stunts  conglomerate,  Deer  lake,  47, 98,  176, 
176;  Knife  lake,  199,200,201,203,348;  de- 
scribed   860 

Stortevant  of  Ishpeming,  aid  from 172 

Sucker  lake 196,886,886,847,  868 

Sulphur  island,  lake  Huron 170 

Snmmaiy  of  facta 329 

Summary  statement 9 

Surfkce  geology,  Thessslon 19,  171 

Swan  mine,  Mich 42,  178 

Syenite  range 73 

Systematic  results 864 

Taoonio,  position  of 170 


Talc,  crystalline 49,  176 

Talcose  slate,  so-called in,  I9S 

Taft,  chemist,  Negannee,  176, 177;  analyaia  by  177 

Teal  lake 42,  180 

Terms  used..* 142 

Tes(-piU  for  Iron 864,866 

TheaBalon,Talle]ror 19.147,  164 

Thessalon  quartsyte C7 

Thickness  of  Huronlan  terrmnee,  168, 169;  of 

other  terranes 

Thunder  bay 262, 

Titanlferous  Iron  ore 206, 

Todd,  Prof  J.B 25,f.  n 

Tower  blasts 199 

Tower  Iron  mines 113i  ttS 

Tower  to  Pseudomesser  lake 196 

Town.llne  lake,  387, 818 ;  described 814 

Tourmaline,  Uttle  Fork  river 406 

Transition  from  Kewatln  to  Ogishke  con* 
glomerate,  314.  See  **Oradation;**  firom 
felsyte  to  quartsyte,  28,  36;  of  conglom- 
erate  to  granite,  67, 68;  of  schists,  70;  of 
Anlmlke,  71, 74, 91, 94;  of  the  Kewatin. . .    76 

Triangle  lake 886,  386 

Trnsssll,  W.  F 395,  428 

Tucker  lake 

Twin  bay  portage....  

Twin  mountain 100, 

Twisted  beds 60, 

Two  Harbors 831 

Ulrioh.  E.0 1» 

Unconformity,  at  Theesalon,  40;  near  Negan- 
nee, 40, 44, 179, 106;  at  Ishpeming,  46;  In 
Penokee  gap,  191, 198;  on  Onnfllnt  lake,60, 
81, 73, 253, 264, 288, 857;  on  Spsllon  lake. 


United  States  Survey 144, 

Uralltlc  gneiss 

UraltUc  schist 264 

VaooiiilBm,  distinct  form  of, 136,  137 

Valley  mine, 66,  106 

Vegetation, 186 

Veinrocka, 864 

Veins  metalliferous, 160 

Veins,  of  quarts,   148^  166;  of  Caldte, 149 

Vermilion  group,  69, 74,  77,  96,  112,  310,  811, 

360,  366;  descnbsd 834 

Vermilion  Iron  series 176 

Vermilion  iron  mines 820 

Vermilion  lake, 144,881.  884,  836,  348,  840 

Vertical  attitude  of  beds,  830;  of  Kewatin, 

838,  848,867 

Wadsworth,  M.  E.»  cited  47,  f.n 848 

WaUb  lake, 870 

Weasel 18S 

Webster- Ashbnrton  trsaty 100 

Wellington  mine,  Canada 13,  146 

West  Seagull  lake,  186,  810,   881,  333;  de- 

scribed 898 

White-iron  granite, 890,  381,  882,  886 

Whlte-iron  lake, 104,  111,  898,  838,  896 

Whitney  and  Wadsworth  cited S2o 
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Winchell,  A.,  report  of.  138,  269;  cited  10, 183, 

'  74,  81,  357 

Wiacbell.  H.  V.,  cited  10,  78,  388,  8B8;  report 
of, 395 

Winchell,  N.  H.,  cited,  143,  144,  170,  930,  235. 
236,  969,  272,  274,  284,  287,  291,  999,  359, 
357;  report  of, 18 

Winibigoehleh  lake 437 


WlMcode  river, 976 

Winona  Coonty,  Mollaeca  of 485 

Wolf, , 138 

Woodward  and  Thomas,  cited, 403 

Wonder   Island,  917;  conglomerate  at,  219, 

296,  3t9,  863,  note 
Zeta  Inke,  257,  322,  842,  344,  347,  348;   de. 
scribed, 821 


500  COKRBCTIONS,  ADDITIONS  AND   BR&ATA. 

Correct  urns  and  additions  for  the  report  for  1886. 

Fage  27.    Second  line  from  bottom,  for  *'62-15*'  road  **62-14.*' 

Page  37.    Halt  69.    For  «*8ec.  25*'  read  **8ec.  35.'* 

Page  39.    After  Halt  75,  add : 

HALT  76.  N.  W.  3^  8.  W.  ^  sec.  33,  T.  63-13.  Base  of  point,  south  shore  of 
Burntaide  lake.  Rock  very  fine-grained  mica  schist,  bluish  and  hard,  and  inter- 
sected by  granitic  veins.    Kocks  63  and  64  are  from  this  locality. 

Page  47.    Halt  361.    For  "Fig.  17"  read  "Fig.  18." 

Page  50.    For  "Rock  177"  read  "Rock  170." 

Page  56.    Halt  336.    For  "sec.  2"  read  "sec.  31." 

Page  57.    Halt  341.    For  "sec  39"  read  "sec  30." 

Page  60.    For  *'Halt  134"  read  "Halt  144";  and  for  **Rock  146"  read  "Rock  140." 

Page  63.  Halt  309.  For  "T.  64-11"  read  "T.  63-11";  and  the  same  under  Halt 
315. 

Page  68.    Halt  148.    For  "T.  63-13"  read  "T.  63-11." 

Page  74.    For  "Rock  103"  read  "103  bis";  and  in  next  line  read  "Halt  178." 

Page  79.    Halt  316.    For  "63-11"  read  "63-11." 

Page  80.    Halt  323.    For  "63.11"  read  "63-11." 

Page  88.    Before  Halt  336  add: 

iL4£r334.    8.  £.  ^4  S.  £.  ^4 .  sec.  34,  T.  63-11.    Ooarse  syenite.    Lo«r  outcrop. 

HAL  r  335.  a  £.  jit  &£.)<.  sec.  34,  T.  63-11.  PorphyriUc  syenite  in  two  por- 
Uooa  sepanled  by  30  feet  of  fine  syunile. 

Bxpected  to  pass  into  the  southern  one  of  the  long  arms  of  Fkrm  lake,  but  the 
ottilet  mapped  as  broad  as  a  riTer  is  not  passable  for  a  canoe. 

Page  S8.    Halt  336.    For  "73-11"  read  "63-11 

Page  90.    For  "Hall  354"  tend  "Halt  354." 

Page  91.    Halt  857.    For  "62-11"  read  "63-11. 

Page  95.  Hall  411.  F^  "65-10"*  read  '^SI-IO"^  and  for  "Rock  169"  read  "Rock 
119," 

Page  96.    Halt  419.    For  "S.  1^4"  read  '"S.  16." 

Page  9$.  For  "Halt  235**  read  ••Halt  435*^  and  under  *  Halt  433 bia,"  for  -*64-l^** 
reaui  "64-10.** 

Page  99.    Halt  4S^.     FW  •tM-19'*  tend  'IM  10'*;  and  before  "Rock  isr "  add: 

^Jl£r4l3.  &  £  I4  a  £.  }^4  sec  »,  T.  6S-9.  Went  aabore  to  examine  the 
fia^menta.  They  are  mosily  as  h«i«lor<>re»  of  syeute  having  whitish  feldspar. 
But  hei«  are  •otme  with  m«saaa  of  h<>nkMende  ro^ ;  and  I  sared  one  piece  in  which 
pmms  «f  h^Nnl^'«nde  are  prHiy  wtfll  pnoserved. 

I'age  lOX  Halt  444.  FVv  ^''S  »^*  rewi  ^"^  34  :  Halt  446,  for  **S  35**  icwl  "& 
»'*;  ami  Hall  44.S  f-M-  •*:?w  »"  rMNi  -a  ^.•'' 

Pa«*  WT.     Ha:i  <i4^.    Fcx  **&  *4-ll''  i«ad  ■"«.  H.  T.  «4  XtT* 

V%^  IW.    mi;  ^T3     r*ir  ^-:!^  5  *  i«iad  -a  ,^X"^ 

Pa^lKV    Han«^    rt>r  *-^i5-ir*  r«J  ^-rt-ll/* 

Pa^  IIT.    For  "^lal:  TVt^'  rnfci  '^BaJl  T12  ^* 

IV^1:»L    rAT-'-^-^^Vi*  wiaa '•"•-»«*  i.\J^  >»••'• 

Ps^Pfr  1^    H*5t  *^    Poir  *^^^  mad  ^-<Mt^  ^ 

Pa««  145  HaJl  r4K  FV»  **a  44  *  r«a4  "-^  i«^^  a»d  fer  -Halt  Tr4'-  read  **Halt 
744  - 
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C0BBB0TI0K8,  ADDITIONS  AND  ERRATA.  501 

Bige  263.    Second  line  from  bottom,  for  'Hfaeir"  read  thin. 

Page  263.    Fifth  line  from  the  bottom,  for  "luminated"  read  laminated. 

Page  381.    Twenty-fourth  line  from  the  bottom,  for  '4t*'  read  It. 

Page  391.    Eighteenth  line,  after  <*of  "  read  last  gabbro. 

Page  396..  Fifteenth  line  from  the  bottom,  for  '^conglomerate*'  read  carbonate. 

Page  149.    Halt  754.    For  '*61-7"  read  <«64-7";  and  before  Halt  756  add: 

HALT S73.  N.  E.  ^N.W.j^  sec.  2,  T.  64-7.  Chlorite  gneiss^that  is,  com- 
posed  of  chlorite,  feldspar  and  quartz.  Seems  to  be  of  the  same  constituents  as 
Rock  379,  but  they  are  well  stirred  together,  same  as  at  Halt  756. 

Mock  360.    Chlorite  gneiss. 

ffALTS74k.    N.  W.  if  8.  W.  >i  sec.  36,  T,  65-7.    West  end  of  island. 

Bock  381.    ^orphyrel. 

Page  163.    For  "Rock  363"  read  "Rock  363  bis.'* 

Page  160.    For  "Rock  324"  read  "Rock  325." 

Page  167.    Dele  "Halt  820.    8.  W.  Ji  8.  E.  >4  sec.  26,  T.  65-6." 

Page  170.     Halt  830.    For  "S.  30"  read   'S.  36." 

Errata  for  the  report  of  1887. 

Page  23.    Sixth  line  from  the  bottom,  for  "southwestern"  read  southeaslern. 

Page  37.    Seventh  line,  for  "number"  read  "member." 

Page  70.    Second  line  from  the  bottom,  for  "65-1  and  65-2"  read  65-2  and  65-3. 

Page  77.    Second  line,  insert  than  before  "there." 

Page  82.    At  the  bottom,  for  "Little"  read  Rattle. 

Page  107.    Fifth  line  from  the  bottom,  for  "the  same"  read  some. 

Page  168.    Twenty-third  line,  for  "if"  read  of. 

Page  176.    Twentieth  from  the  bottom,  strike  out  *'(1069)." 

Page  188.    Nineteenth  line  from  the  bottom,  strike  out  "(1104)." 

Page  207.    Third  line  from  the  bottom,  for  "latitude"  read  altitude. 

Page  215.    Third  line,  strike  out  "1177." 

Page  222.    Sixth  line  from  the  bottom,  for  "b'eagull"  read  West  Seagull. 

Page  252.    Thirteenth  line  from  the  bottom,  for  "conceded"  read  concealed. 

Page  258.    Eighth  line  from  the  bottom,  for  "structure"  read  whatever. 

Page  258.    Eighth  line  from  the  bottom,  for  "leans"  read  bears. 

Page  260.    Last  line,  after  "65-3"  insert  as  of  Minn. 

Page  270.    Ninth  line  from  the  bottom,  after  "rock"  insert  (743). 

Page  294.    Line  23,  for  "(502)"  read  (582). 

Page  294.    Eleventh  line  from  the  bottom,  for  *'573,"  read  593. 

Page  313.    Tenth  Hoe  from  the  bottom,  for  "65-6"  read  65-5. 

Page  321.    Twelfth  line,  before  "Obscurely"  insert  Rock  915. 

Pages  384  and  385.    In  the  heading,  for  "Report,  1886"  read  Report,  1887» 
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